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Machinery produce and harvest grass must 
function without delay and waste. Only thus can 
achieve the ever increasing production per acre and 
per man must have feed and clothe our 
expanding population. these ends, the combine 
and the field forage harvester are fundamental. 
One the best ways for farmer expand and 
renew his grass acreage sow seed. 
The six-foot Model Case, “America’s Favorite 
Combine,” famed for the way harvests all man- 
ner grass and legume seeds well grains. 
delivers clean, undamaged seed which the first 


essential for full stands and big yields. 


One the most versatile farm machines 
devised, the Case Field Forage Harvester prepares 
any suitable crop tor hay silage, speeding the har- 
vest and minimizing man labor. Available with row- 
crop, pick-up, cutter-bar unit shown here, 
tor light running and large capacity. 


Case has prepared some free educational 
booklets, Ask nearest Case 
dealer or branch tor a copy of the catalog, “Visual 
Aids Modern describes each, tells 
how Case Co., Racine, Wis. 
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Clamp-type coupling reusable, for 
emergency field service. 


Weld-type fitting — weldable for use 
with seeroless drawn steel tubing or 
iron pipe. 


4-bolt spilt clamp of- 
tached to finished boss 
of pump, volve, or 
cylinder. 


Swaged-type coupling — permanently et- 
tached, available only in foctory-cp- 
plied hese essemblies. For origina! 
equipment where cost, unifermity, vse 
im confined spoce, ond streamlined ap- 
peerance ore imporiont. 


Pipe thread adapter fitting — used fer at- 
toching rigid pipe te split-flonge 


Tear out this coupon and mail 
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hydraulic hose assemblies 


with this revolutionary, easy-to-use 
ANCHOR SPLIT-FLANGE CLAMP 


brand new time- and trouble-saver for the users 
hydraulic hose and piping exclusive 
Clamp. Check these features what you've been 
looking for. 

LEAKPROOF — the "“O” ring, successfully utilized in so many 
hydraulic applications, provides perfect 

EASY ASSEMBLE unwieldy pipe wrench All 
you need small automotive type Ideal where 
clearances are limited. 

ELIMINATES PIPE THREADS easily removed attached 


over and over again. No tapered threads or wedging action 
cause distortion pump housings, cylinders, valve bodies. 
WIDE RANGE OF SIZES AND TYPES — straight or angle styles 
with clamp pressed-on couplings sizes from 
ID. Available for high, medium, low-pressure 
service and suction return lines. Send coupon for further 


ANCHOR COUPLING CO. INC. 


Factory: LIBERTYVILLE, ILLINOIS © Branch: DETROIT, MICHIGAN 


ANCHOR COUPLING CO. INC., Dept. AE-22 
Libertyville, 


Yes, I'm interested in Anchor Split-Flange Clamps 
Please send me a bulletin with more information 


Name Position 
Company 
Company Address 


City ( » State 
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Up to 10 tons of hay per hour are fed to the baling chamber of the New Holland Model 80 hay baler by the Link-Belt Screw Conveyor. 


There’s substitute for “total engineering” 
screw conveyors 


LINK-BELT integrates all get the exact type and size for your particular 
components give you the right requirements engineered suit your needs 
screw conveyor for your machines 


addition, Link-Belt Screw Conveyors are accu- 
rately made for easy assembly and smooth, long-life 
how engineering” works for you when operation. They help make your farm machinery 
you buy Screw Conveyors. First, Link- designing task easier, more flexible. 

Belt conveyor specialists analyze your needs—then Ask the office near you for any engi- 


recommend the right components. That means you neering assistance you need. 


Link-Belt builds augers and screw conveyors for farm machinery all types 


Post hole 


Forage diggers 


harvesters 


Combines 


Hay balers 


harvesters 


Grain 
loaders 


SCREW CONVEYORS 


LINK -BELT COMPANY: Chicago 9, Indianapolis 6, Philadelphia 40, At- 
lanta, Houston 1, Minneapolis $, San Francisco 24, Los Angeles 44, Seattle 
4, Toronto 8, Springs (South Afmca). Offices in Principal Cities 12,667 
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single machine will many soil conservation Wheel Steer for high speed turning and maneuvering 
jobs easily, quickly and economically the Austin- close quarters. 

Western Power Grader with its exclusive All-Wheel The bulldozer attachment has many filling 
Drive for maximum traction rough soft ground; gullies, blocking the ends level terraces, clearing out 
30% more and exclusive All- brush and small trees, mention few. 


Clearing brush 


Building outlet ditch 


OF CONSTRUCTION EQUIPMENT 


4 
spoil bank Ditching for drain tile 


you have product where small size both 
big advantage and big problem—consider the 
use Torrington Needle Bearings. 

full complement small di- 
ameter rollers permits the distri- 
bution loads over large area. 
Needle Bearings have smaller 


O.D. relation capacity than 


any other type anti-friction bearing. Both 
civilian and military products can benefit from 
this and other Torrington Needle 
Bearing features. Ask our engi- 
neers give you helping hand. 


THE TORRINGTON COMPANY 


Torrington, Conn. South Bend 21, Ind. 


District Offices and Distributors Principal 
Cities of United States and Canada 
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Straight Roller Ball Rollers 
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‘hen you make your chain selections from the com- 
plete Chain Belt line, your choice virtually unlimited. 
Because the line complete, there sure the 


exact chain available that will most efficiently and eco- 
nomically perform the required function. Your job 


certain you make the best possible choice. For 
example: 


you have been using finished roller chain, 
yet speed and load conditions are such that cast chain 
economical Double Pitch Roller 
Chain will the job equally well lower cost. 

Then again, you may using cast detachable 


BALD 


WIN-REX 


chain under conditions where Steel Detach- 
able Chain can perform the same function for less. 
may that you are having trouble with timing ap- 
plication. Here, only finished steel roller chain will 
answer the need. 

Your Rex Field Sales Engineer specially trained 
help you make the one best selection from our com- 
plete chain line. happy consult with you con- 
cerning your application problems. may able 
help you make substantial savings. Call write 
your nearest Field Sales Office. 


ATLANTA + BIRMINGHAM + BOSTON «+ BUFFALO 
CHICAGO « CINCINNATI « CLEVELAND DALLAS 
DENVER DETROIT EL PASO HOUSTON 
INDIANAPOLIS © JACKSONVILLE © KANSAS CITY 

LOS ANGELES LOUISVILLE 
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FREE BOOKLETS AVAILABLE 

variety useful literature available help you 
“make the most your chain selections. Some 
the most popular items are listed here. Just check 
off those you want and mail the coupon. 
obligation. 


1. CARE AND MAINTENANCE OF CHAINS 

Suggestions on how to get better service with less maintenance from your 
conveyor and drive chains. 

2. BALDWIN-REX STOCK ROLLER CHAINS 

Complete specifications, prices and descriptions of Baldwin-Rex Roller 
Chains, Couplings and Sprockets. 

3. REX AND BALOWIN-REX CONVEYOR CHAINS AND 
ATTACHMENTS 

Describes and illustrates various types of conveyors that can be con- 
structed from our complete line of chains and attachments. 

4. BALDWIN-REX CHAIN VISES 

The story on the new Baldwin-Rex Chain Vise which makes cutting roller 
chain quick and easy. 

5. REX STEEL DETACHABLE CHAINS 


Story and specifications on this popular low-priced detachable chain as 
applied particularly to farm equipment. 


company 
MILWAUKEE 


MIDLAND, TEXAS MILWAUKEE MINNEAPOLIS 


NEW YORK PHILADELPHIA PITTSBURGH 
PORTLAND, OREGON a SPRINGFIELD, MASS. 
ST. LOUIS © SALT LAKE CITY + SAN FRANCISCO 
SEATTLE © TULSA *© WORCESTER 
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6. UNUSUAL APPLICATION OF ROLLER CHAIN 
28 pages of photos, blueprints and stories showing unusual, money- 
saving uses of roller chain. 
7. REX Z-METAL CHAINS 
A description of Rex Chain cast of Rex Z-Metal—approximately 25% 
stronger than the highest quality malleable iron. 
8. BALOWIN-REX DOUBLE-PITCH ROLLER CHAINS 
Facts on how you can cut costs and reduce weight by specifying Baldwin- 
Rex Double Pitch Roller Chain. 
9. REX STOCK SPROCKETS 
Rex Sprockets, carried in warehouse stock for over the- 
counter sale, cataloged by chain type and size. 


Chain Belt Company 
4680 W. Greenfield Ave. 
Milwaukee 1, Wis. 
Gentlemen: 


10 20 3.0 40 3.0 60 7.0 60 


Please send me the items checked above. 


52-100 


— 
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Built the Anti-Friction 


Roller Bearing Principle 


Rolling points contact Diamond Roller 
Chain provides anti-friction transmission that 
transfers power without waste slip. 

Diamond, the bearing parts (pins and bushings) 
have ground polished surtaces held extremely 
close tolerances which with the character the 
heat treated and “hardened against bearing 
surtaces account tor the long lite high 


The structural tension members the chain 
—the Link Plates—are special steels, dimen- 


sioned and heat-treated solely for the greatest 
strength and resistance These fun- 
damental principles roller chain design which 
have been the basis Diamond Roller Chain 
development for over years account for the 
ever widening use all industry. 

DIAMOND CHAIN COMPANY, Inc., Dept. 616, 
Kentucky Avenue, Indianapolis Indiana. 


Offices and Distributors All Principal Cities 


Refer to the classified section of your local 
telephone directory under the heading CHAINS or CHAINS-ROLLER 


DIAMOND 


Diemond Roller Chains drive gathering 
end husking units from power teke-off 
on the Oliver Ne. 4 Tractor Mounted 
Two-Rew Corn Picker. 


Positive, long life Diamond 
Roller Chains transmit power 
te many shefts on the MM 
Self-Propelled Har vestor. 


ROLLER 
CHAINS 


Two strand Diamend Roller Chain 
transmits full engine power for greater 
economy and better service on this 
Oliver Grain Master Combine. 


Leader ROLLER CHAIN Development 
Big 
ose 
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@ Unmatched for long life amongst 
all living creatures are the grant 
turtles inhabiting the waters of the 
Galapagos Islands... life 


expectancy: 300 te 400 years. 


@ Unmatched for li ng, peak 
service life at the clutch 

position is the Aetna 1-Type 
Clutch Release Bearing ... 


life expectancy: Far in excess 


of average vehicle life. 


long for for dependability 
—the unique combination of advantages posse ssed by the 
Type Bearing challenge comparison with any other 


bearing suited the clutch release position. 


Right now Aetna vigilantly alive its responsibilities 
the No. supplier this essential bearing the Nation’s 
vital civilian and military vehicle builders. will continue 
direct the results its best thinking, best experience and 
best craftsmanship toward further improvements ser- 


vice to these indispensable industries. 


AETNA BALL AND ROLLER BEARING COMPANY 
4600 Schubert Avenue Chicago 39, 
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Contact Ball Bearings Special 
Bearings Ball Retainers 
e Hardened and Ground 


LABOR 
SAVER 


more ways 
than one with 


FAFNIRS 


the job 


One man can lot harvesting with the foot 


Gleaner-Baldwin self-propelled, Combine illus- 
trated. has the capacity handle practically any 
crop. But more than that, it’s designed require 
mum servicing For example, every constant 
rotating shaft slow speed reel) mounted 
that’s where Fafnir Ball 
Bearings come in. 


turning points the raddle type combine and 


the straw walker type, Fafnir Flangettes have 


install costly machining 


been installed. The Flangette consists lightweight, 
compact sturdy housing formed two pressed steel 
flanges and standard Fafnir Wide Inner Ring Ball 
Bearing with self-locking collar. Bearings 
aligning and sealed both sides with Fafnir Mechani- 
keep grease contaminants out. Flang- 
ettes are easily bolted anywhere the machine. Features 
like the Flangette make Gleaner-Baldwin Combines 
more valuable than ever these times. 
The Fafnir Bearing Company, New Britain, Conn. 


FAFNI 


BALL BEARINGS 


MOST COMPLETE LINE AMERICA 


whenever servicing auger parts requires 
4 a part ‘ pansion 
AC \ ynd a we 


Designed 
especially for 

particular 

job, this drive 
unit shows what 
can done 

the engineers 
vehicle 
builder and 

Clark engineers 
working together. 


Rugged, efficient, 
dependable, 
proves that Clark 
experience and 
resourceful 
engineering are 


symbols 
any machine. 


INDUSTRIAL AND 
AGRICULTURAL EQUIPMENT 
RECOGNIZE FROM THEIR 
OWN EXPERIENCE THAT 


PAYS WORK WITH 


PRODUCTS OF CLARK—TRANSMISSIONS «+ AXLES « AXLE HOUSINGS + TRACTOR DRIVE UNITS « FORK TRUCKS AND TRACTORS 
POWERED HAND TRUCKS + GEARS AND FORGINGS « ELECTRIC STEEL CASTINGS « 


CLARK EQUIPMENT COMPANY BUCHANAN, MICHIGAN 
Other BATTLE CREEK and JACKSON, MICHIGAN 
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Hyatt Hy-Load line 


roller for 


radial loads light intermit- 
tent thrust are made two 
and standard boundary 


dimensions. 


There are ten different types 


Hyatt Hy-Load Roller Bearings. 
Four have separable 
two have separable outer and 


also the duplex, double-row type 


Hyatt Hy-Load with separable 
inner 
* 

Along with Hyatt Hy-Load Roller 
Bearings there are other 
vantages for tractors and other farm 
machinery applications. 
dealers and farmers alike 
appreciate Hyatt performance over 
the Hyatt Bearings 


General Motors Corporation, 


BAS 
| 
ite 
AGRICULTURAL ENGINEERING for 1952 


Typical chains from the complete Link-Belt line 
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Fwart Detachable Link- Steel Link-Belt for Light 
Belt, in malleable or Pro- Drive and Conveying serv 
mal, for drives and power ice 

transmission 


Double-Pitch Precision 
Steel Koller chain tor low 
speed drives and convey 


AGRICULTURAL ENGINEFRING for F 


NK-BELT makes complete chain line 


Link-Belt Precision Steel 
Roller Chain, standard 
ors pitch, tor high-speed drives 


Power transmission 


harvester IS acc 
Belt Class 
model als i 


and 


recommends the right one for your job 


qualities are taken into consideration Link-Belt engineers 

when they recommend chain for one your machines. From 


iral chains and sprockets, they can 


the 
the right type your specific design needs. And 
the highest standards. Accurate control mate 
inufacturing processes 1s your assurance of longer 


LINK-BELT COMPANY: Indianapolis Philadelphia 40, Atlanta, 
Houston 1, Minneapolis 8, San Francisco 24, Los Angeles 44, Seattle 4, 
loronto &, Springs (South bactory Branch Stores and 


Distributors in Principal Cines 


CHAINS AND SPROCKETS 
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ag 
ONE chain serves every purpose 
r 


Morse Roller Chain 


A. B. Farquahor’s Tall-Trac transmits power from countershaft to 
front wheel. It costs less, weighs le-s and 


Morse Standard Roll 
Drive used as secondary 
countershaft 


Sprayer Duster 


vives long, trouble-free service life com 


parable to that of Morse Standard Roller 


Chain. 


Morse Rockford Cluteh in main front- 
wheel drive delivers dependable, trouble-free 
operation despite exposure to dust and corro 


sive sprays 


New Holland Side 


1. Morse Standard Roller Chain and Morse Stock 


Sprockets rakes transmission unit. Morse Roller Chain 
Drives transmit power with less than | friction loss. Phey 
ire positive, wont slip They operate equally well on long 


or short centers, give extra-long, trouble-free service life. 


sets Morse Standard Roller Chains 


drive piteh control mechanism 


Ask the Morse Man for power transmission information! 


Morse Roller 
Chain Drives Morse 


Silent 
Morse Silent Chain 
Chain Drives Couplings 


From coast coast there are Morse branch offices and 
representatives to give yeu quick information and service 
when vou want it-where you want it. Ask the Morse Man 
any case! 


Morse 


— Radial 
Couplings 


r February 1952 


Morse Roller 
Chain Couplings 
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transmission products help you 
design better farm machinery 


keep costs bounds and still under all the adverse working conditions 


power transmission equipment without that agricultural equipment faces. 
compromise quality and performance? Then addition, you will find many design advan- 


check into the products and product features tages—such as the compactness of the high- 


the famous Morse line quality power capacity Morse the 
transmission equipment. Morse Standard Roller Chains and Morse 


Whether your need for Double-Pitch Roller 


chains and sprockets, Examine the applications Morse products 
chains, flexible chain clutches, shown left. Then get detailed information 
you'll find one built Morse the job the ones that fit your needs. Talk your 
more efficiently, and with extra-long Morse Man, write direct Morse. 


leader 
Tractor 


ower 


Morse DRC Flexible Coupling is used 


shaft pump that activates hydraulic 


ission 
lift. The Morse DRC Coupling automati 


cally compensates for any slight parallel 


or angular misalignment. Though com BASIC FORMULA 


pact, provides large horsepower capac 


ity. It may be easily disassembled by 
unwrapping chain. 


ewe 


Morse- 
Morse Morflex Rockford 
Couplings 


PRODUCTS 


Morse Morflex taanenibiliens MORSE CHAIN COMPANY 


Drive Shafts Pullmore Clutches 7601 Central Ave., Dept. 288, Detroit 10, Michigan 
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delivered throughout his implements 


BLOOD BROTHERS Universal Joints 


Half the size and the power tractor! 


And the vast improvements are but part the story. 


the Engineer, striving always for progress through 
power, has achieved spectacular results developing implements 
that operate from the 


Blood Brothers proud its contribution this progress: The 
manufacture dependable universal joints that get the 
power through where it’s needed. 


For farm implements, more Blood Brothers Universal Joints 
are used than all other makes combined 


GOING GREAT GUNS! 
For tractor steering columns, and other 
uses, Blood Brothers’ new LOS Joint ts 
“going great The extra-strength 
forged yoke and center 
side-retained have made 
this low-cost quality joint increasingly 
popular with tractor builders. 


BLOOD BROTHERS machine co. ALLEGAN, MICHIGAN 


AGRICULTURAL UNIVERSAL JOINTS 


Division Standard Steel Spring Company Chicago Office: Great Lakes Spring Division, 7035 West 65th Street 
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Dynamic Agriculture 


States is movir along at a jet | ropelled pace. By the 
reaches us, agriculture 1s somewhere else. About the only 
ones who ¢ really keep up with at are those who are riding 
ng as members of the crew 


The rest who may have occasion 
bring ourselves date agricultural information, equip 
ment, methods, processes, and thinking, must learn expect 
to find them somewhere ahead of where we may have seen 
them last week, last 

This important particularly planning for 
part national defense, general public policy agriculture, 
and business operations to serve agriculture or utilize some of 
its products 

many knew personally 10, 20, years ago 

thought farms were fairly well mechanized ten years 
ago, but since then the number of tractors and other machines 
on farms has doubled. During the same period their number 
of work animals has been reduced to less than half of those 
in use in 1941 

the same time farm population has decreased 
one person almost every farm, while our total 
has increased additional millions and our com 
mitments help feed other populations have increased 

Output per man-hour has increased enough considerably 
increase our total farn production per year, even with a 
reduction the number man-hours used farms 

The problem the surplus farm, the surplus farmer and 
the surplus farm products the United States has, 
general, disappeared, and does not seem due return the 
near future. Shortages are more likely occur 

These surpluses were valuable emergency 
defense 1941 and 1942. Agricultural production capacity 
for the current defense emergency has figured differently 
than 1941. Normal and emergency food and fiber produc- 
tion now calls for the same metals, the same fuels, and much 
the same manpower and chemicals military 
dustrial mobilization for defense. 

major opportunity has developed for industries which 
can find the materials, engineers and other man power pro- 
vide farmers with additional means for further increasing 
their output per man-hour. 

Increased productivity per farm man-hour, together with 
the growing assured market, spell opportunity for the proces 
sors farm products 

Farming will continue to present problems to farmers, 
administrators of public agencies and all who either buy from 
or sell to farmers. Those problems will be minimized, how 
ever, can remember that agriculture the move 


Mechanisms for Conservation 
recent strong suggestions that the United States adopt 
a national land-use policy have drawn fire from advocates 
of states rights and strong private enterprise 
Without taking sides the controversy attempting 
tell anvone what he shou | 


ld think, we would invite considera 
tion to one special aspect of the problem 

Soil and water conservation, use of land and water in agri- 
ure 


involve agricultura 


fat 


some other phases land-use policy practice 
| engineering. A land-use policy involves a 
question of the mechanics of human organization and ad 


ministration which may enable engineers work most effec 
tively. involves question ways and means available 
the majority of the people for utilizing engineering to protect 
their interests in in portant natural resources 

For the purposes this discussion the federal government 
may be considered objectively as one of many instruments de 
vised and maintained by the people to promote and protect 


weaknesses as we iS Strong points 


There ts a legitimate question as to the phases ot land use 
and conservat: 1 which the interests of the blic may t 
protected most antageously by federal, or r private 


mechanisms 

The mechanisms of private enterprise, local govern 
and tederal government have all been used to produce sory 
remarkable examples of sound and tarsighted conservation 
Those same mechanisms likewise have all been associated 
with some glaringly wasteful, senseless, and selfish destruct on 
natural resources. appears that the ditference 
has been due more to the, differences in viewpoint and interests 
of individuals than to the mechanisms through which they 
conservation exploitation 

A unitied land-use policy in the thinking of a majority of 
our people could apparently give a tremendous boost to con 
servation. federal land-use law passed through the apathy 
rather than the active support and effective representation of 
a majority of voters would be something different 

Would a national land-use policy actually give conserva 
tionists an improved instrument and increase the effectiveness 
of their work? Would it supplant conservation policies, pro 
cedures, and organizations already proving effective limited 
areas? Much would depend on how the law would be written, 
how intelligently would administered, and how well 
would be supported by an informed public opinion. 

the absence any one clearly superior mechanism for 
enforcing otherwise achieving Conservation and sound land 
use, would appear good engineering keep the way 
open for full use that end all available mechanisms 
through which the human forces favoring conservation may 


applied 
Mulch and Fertilizer 

ORN has long been maligned soil robber and 

invitation to erosion. Recently, however, Dr. George 
Scarseth 1s reported to have shown that the trouble may be 
with orthodox ideas of how corn should be produced, rather 
than with the crop 

Dr. Scarseth ASAE member who 
entertain and test some unorthodox ideas. An agronomist 
with some the outlook industrial engineer, 
perimented with a part of his corn production line. He left 
out some operations which looked as if they might be expen 
sive luxuries having little influence on quantity and quality 
oft production 

Without plowing other soil preparation cut through 
a heavy mulch of stalks and weeds from the previous years 


30-bu operation, to put seed and crop feed in the ground 


He didn’t worry about weeds to the extent of cult:vatin 


in the usual sense 
starting fertilizer, gave the corn head start and kept 
ahead the weeds 

Perhaps the most significant result of his experiments was 


yield above the break-even point, but that same treatment 


Two shallow diskings, plus a split band 


200 Ib of ammor nitrate srde-dressing boosted net 
return per acre ) 

Some agricultural engineering research on mulch tillage 
has shown rather inditterent results 
properly ti ed and placed, may be the h 
can give a sound cash profit foundation to mulch tt easa 
soul and water conservation measure 

Dr. Scarseth says he simply tried out in one field several 
things the experiment stations have discovered. It added ip t 


significant over-all efficiency, the output above the break 
even point which makes a production operation worth while 

If the corn belt 1s just beginning to learn how to grow corn 
are there any farm practices or agricultural research results 


which may not merit further examination with an open mind? 


EDITORIAL 
their common interests more ettectively than they as 
Eee ie individuals All ot these instruments have limitations an 


agi 
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(with apologies the song writer) 


farmers ali over America are tinding this Clover Leaf center 
holet by Ingersoll the greatest ullage disc improvement in years 
Seems like thing find, but actually engineering 


Ingersoll three-way feature 


The resule more acres work 


than ever before 


why worth while look for the Ingersoll Heat 
Disc with the Clover Leaf center hole when you order 
replacement discs That way you 


make sure giving your customers the best 


Pat Pend 


HEAT TREATED DISCS 


with the CLOVER LEAF center 


iN pil PROD CTS DIVISION 
BORG WARNER CORPORATION 
310 S. Michigan Ave., Chicago 4, Illinois | * Trade mark Ingersell Products Div., Borg-Warner Corp. 
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Farm Implements 


Merlin Hansen 


MEMBER ASAF 


HE power take-off of agricultural type tractors has ognized About seven vears ago the 
steadily ga {in use, as a means of transmitting power erican Society of Agricultural Engi 
to plements, since it was introduced approximately Automotive Engineers, approved a 
urty y ag The continued expa 1 of this ethod tor dimensional relatior ships necessary 
he hitched anv impl 
riving implements requires a satustactory solution of an ¢ hitched successtully to any imple 
! load tationx 
r ot blems, one of which 1s the atter of providing a no load hh <i ey 
l-jomnt 
rive that 1s tree tr echanical tailures caused by torsiona CECH. 
verloads anufacturer, a facturer is obligated 
f t se his indiy ce in e matter of loads that are 
preset irmer-user expects to operate practically 
transmitted by t The result, of course, 1s that 
ny Ke of lel of if pler ent with any make of tractor 
farmer-users § ter mmplement and tractor ¢ 
Theretore, the solution to these PTO -drive blems ist be 
} i S that are t strict ‘ patible tr the star int 
ve he tractor a impleme idusts This 
‘ ‘ i tds trans 
the casua server this pt { PTO torstonal 
ca mav at first appear elementary since it would see that 
| Mt i PIO ids can be ised successtull tl iX 
1 H i 1 he tractor ¢€ For ex 
torcue of 4 t the s 
Ac ach Untort el PTO drives 
‘ va often { equa As 
PTO-drive ta res ere ed 
E G ( ta res iv be classitied to tive eneral t es. namel 
N Ww V M Lt M M 
| Fa es resultir operat with the plement 
improperly hite {to the tract 
Fail 
PTO 
l \ Lx l Moines W t chit i 
Ye ) r 
tract shatt by V-belt or Irives fastened 
Fatig res due to moderately high torsional loads 
t PTO he t wine enc it relatively high frequencies 
panic pe I it cA Failures due to a single shock load of a magnitude ex 
a) Mte Co, The Oliwer Corp, Ma Minne ceeding the static strength of the drive 
M ( kKshutt Plow Cx It tor Ce 
New Division Avco Motor The subject matter this paper reters primarily 
p, Mecha Universal Jount Divis Cory classited as types 4 and 5, but the over-all problem ts not 
Machine Deere and covered properly without recognizing the existence types 
2 ana 3 
KINETIC ENERGY ROTATING PARTS AND caretul study this general problem reveals 
TORSIONAL PROPERTIES OF PTO DRIVES OF torsional loads imposed on PTO drives are dependent: upon 
CURRENT TRACTOR MODELS the tollowing factors 
Tom 1 The amount of kinetic energy stored in the rot iting parts 
7H ABSORB ROTATING of the tractor 
Teactor SPEED. ar or ero avrve parts To I } 
sect é ment of mertia of the r tatiny parts in the im 
' 35 2.33 12,120 20 256 473710) 3 The amount of resilence in the drive between the heavy 
+ + 
rotating parts the tractor and the rotating parts the 
j } {riven implement 
3 35 3.23 16820 37 28,000 753 222 Tor + The t rsepower avathable at the PTO drive from the 
4 45 6.17 33,700 
4 5S The horsepower required operate the implement 
35 034 11,900 20 28,000 407 292 TO! Contrary to pos ir belief, items | and 4 are tar greater 
T factors fluent the magnitude of peak PTO torsional 
loads than are items 4 and 
7 30 125 17,670 16) The igmitucde f torque that 1s applied as a result of 
T T t | kinetic energy is dependent entire pon how rapidly th 
t i} i} ic 
30 25,000 316 applied load changes the rotating speed of 
n pee the in parts 
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of ae aby \ i 
em 
- . eat ae 
sae ** 900 vas 
J 
stcome - 


es rotating parts, mechanical tathures of tractor drive parts (b) Conducting a torsional load-detlection test on the PTO 

rrent tractor models were analyzed the tollowing torsional and the load, the point 
the drive 

tol ! crankshatt is aounit. It ts as tion of Table 1, it will be noted that tractor 1 has 12,120 ft-lb 

‘ ed that the reater port ’ t the Kinetic energy of kinetic energy stored in its rotating parts at rated enyine 


t TABLI POWER TAKE OFF TORSIONAL LOADS 


TAVE TORQUE 


MAX STARTING TORQUE MAX OPERATIONAL TORQUE PEAKS 
APPROX (IMPLEMENT PLING | | UNDER 
TRacTOR MAKE AN N PT wilt NORMAL with RAPID AVERAGE NEAR PLUGGED NORMAL WORK BEING 
N moor TRACTOR MODEL Rive CLUTCH LUTCH NOITIONS CONDITIONS OPERATING PERFORMEO 
Bee ENGAGEMENT ENGAGEMENT. LB-IN L8-IN CONDITIONS, 
8 IN BIN LB-IN 


STAN DARE 4900-64 800-15,370 4,680-6,390 5,450. 7140 2.720 CHOPPING meavy 


ORILLEO CORN 


FORAGE CHOPPING GREEN 
HARVESTER ANDAR 46 3.730 - 7,200 6,370 200 2,87 ALFALFA 
HARVESTER $30 6.700 6.16 8 3,270 ALFALFA 
35 anvesten ANDAR( 6.06 460 9,500 3,600 ALFALFA 
FORAGE ATTEMPTING TO START 
+ TANDAR 21,400 


HARVESTER A PLUGGED MACHINE 
STANDARD s? rao 3.990 822-1,031 r27 PICKING CORN 


| 
“ STAN DARL 8,300 - 20.600 5860-7470 12,100 1,140 BALING ALFALFA 


BALER RECHECK OF 
ALER 
2 SPE ? 2,100° 7,250 -B,92 11,500-13,300° 2,250 BALING ALFALFA 


8.600 100 0.350 -12,600 1,560 BALING STRAW 


4 ’ TANOARC 2.25 7.749 10,945 0,960 -'2,095 938 BALING ALFALFA 
TANDARO : 
BALER 460: 5.867 383 BALING ALFALFA 


t AN NIVERSA nTS a 


BALER 


35 5 »TANDARO 6,5 8.600 22.700 BALING ALFALFA 


GALEN [SPEC SLIP 5,000° 5,000° 5.000° 5.000° BALING ALFALFA 


MBINE | 6.600% 3.760 9.380 1.890 MBINING WINDROWS! 

35 MBINE spec SLIP r150 7.760 9,130 1,700 COMBINING WINOROWS 
4 

SPEC SLIP 7.350. 8,650% 4160-4200 7,470 ' STRAIGHT COMBINING 


25 MAMMER MLL 9,03 7,500 - 20,150 4.145 7.270 2.700 GRINDING EAR CORN 


35 MAMMER MIL. 6.130 74 4.900 2,140 GRINDING EAR CORN 


2 


24 4 a5 |MAMMER MILL stanoARo 18,150 25,800 7.800 13,000 5.450 GRINDING EAR CORN 


* SAFETY CLUTCH IN PTO LINE SLIPPED LIMITING TORSIONAL LOAD TO THIS VALUE 


KING for February 19 
OPERATION - BLIP CLUTCH im DMivE 
PTO se come ~ rest 
AN Fig Tor meter charts «plotted trom data Table howing the Rai oe 
It theretore. that rt the PTO drive has suthcent f frict ship desis it perate at jerate 
renuth tot t the ¢ power plus sufficient strength torsional loads 
t ence to a th the kinetic energy stered in the en 
“4 ] 
© 
4 
% eo 


this entire roximately 


bsorb this 


Ib-in of PTO torque 


of energy 
The toregoing example shows that pre 


otating parts the fron 
PTO-drive 
plished incorporating adequate the drive 


ethciently 


it this 


age to parts 


available torsional 

available 
»of PTO torque 


coupling some the only practical known method 


quired to absort 
10,000 present 


of absorb: ount of energy 
discussion 
apphed to the PTO drive it 


ement that 1s capable of rapidly changing the PTO 


foregoing 


is attached to 


he implements in present-day use which are ca 


changes PTO rotating speeds 
ls, ensilage forage choppers, con 
ents which are turmished 
PTO drive an alternate, 
generally this class 

considerable 
ents suspected of in 


PTO drive 


conductec 
PTO-dnriven in yosing high torsional 
loads on the to determine ther operating charac 


ents, changes were 


eran 


powERSHAFT TORQUE, 
NCREASE ave 


tm 


ere 


POWERSHAFT ARTY GOEGREES 


power-shatt angularity 


met 
juc neter in 


ilts were secured with a torg 
and measuring equip 


the PTO line 


ment were ised epens goon 


upon which instrumenta 
tion was available at the time or which was best adapted to 
the test in question (A detailed description ot the t rque 
aratus and Technique’ by W. E. Gustin 
1981 SAE National Tractor Meeting.) Figs 
1, 2, and 3 are representative torque meter charts 


A study of the foregoing data revealed the desirability of 


Measuring 


presented 


1 series of tests to measure the effect of universal 


PTO peak loads. These tests were con 
ducted with the tractor dmving an electric dynamometer 
through the PTO and with the PTO drive operating through 


various angles of misalignment. The results of these tests are 


shown in Fig. 4. Also. representative torque meter charts are 
shown in Fig 

After a study of the torsional loads which the tractor 1s 
capable of amposing on a PTO drive, and a review of loads 
which various implements can apply, it ts only logical to make 
an investigation as to what loads the average PTO shaft can 
be expected to withstand. A series of fatigue tests were then 


conducted under fluctuating-load conditions to establish the 


sign of PTO shatt 
These tests were conducted with a tractor diving a dynamo 


meter. The magnitude of the torque peaks was controlled by 


fatigue characteristics of a representative d 


changing the misalignment of the universal joints in the PTO 
drive. The results of these tests are illustrated in Fig. 6. Fig. 7 


shows representative torque meter charts of the test le 


S ap 
plied during this part of the investigation 


From Fig. 6 it 1s easily seen that high-frequency torsional 


} 


peaks must be maintaine 


I 
design of PTO shaft, but occasional torsional loads of much 


yreater magnitude can be transmitted successfully if they do 


below 6500 Ib-in on this particular 
net occur too frequently 


l lrerage horsepower of aterage torque measurements 
ire of little value in establishing a sound basis for the design 
PTO Instead, maximum instantaneous torque 


values must be given principal consideration 


2. The peak torsional loads encountered in the PTO drive 


to present-day implements vary tremend 


ously depending upon 
the individual operating Conditions, and, also the potential 


instantaneous torque available at the tractor 1s so high that the 
torque transmitted by the PTO must be controlled primarily 
y a suitable protective device in the drive if) mechanical 


failure due to torsional overload is to be averte Since any 


any make of 


tke or model of tractor 1s expected to operate 
implement, the torsional characteristics of the protective cou 


pling are as important to the industry as are the dimensional 


pecitcations now established in ASAE and SAE Standards 


is the aim of all tractor manutacturers to extend the use 


ser er ef 
A a 
A 
ivi, 
. 
2 
Fie ‘ Torquemeter charts showing the effect of universal-joint mis 
ahenment while transmitting an average load of approximately 40 hy 


AGKICUI RAL ENGINEERING for 
START-STO OME entally in an effort to reduce the peak ads 
wer values. These revisions include 
P (a) Use of a trictional-slip coupling in the PTO line 
- (b) Revising the angles of misalignment of the PTO 
___ 20.90 18 fas? STO } 
aye \ J The results of these tests are shown on Table 2. These , 
tests were conducted with the implement and tractor combina 
cove /se tron performing operations that might be encountered in regu 
iaf service e res 
‘se rest wor 
SO DOTS SE TEST wO 
charts (plotted from daia Table showing the 
effect of trictuor x desimned t perate at relatively 
| but t 
amount 0 
windup absorb only 2.1 per cent the energy 
tor 
insight into the 
speed. T pable 
CONCLE SIONS 
teristics. With sor imp made exper i 
| 
avt 
} 
‘ 


++ 
3 Smart URES 


- > 
0,000 
i I PTO 
t sit the t their tractors as much as possible 
Further, no. er intentionally wishes to produce 
1 tool which reputation in the trade of being 
responsible t r PTO drive tailures. Establish 
realistic t tat give both the trac 
tor i tact plement inutacturer a goal to 
work toward 


Individual umplement builders wall tind that a study of 


the PLO load characteristics encountered in their implements 


sill often prove very beneticral although the implement may 
t be an offender trom the standpoint of Causing tractor 
PTO drive tatlures. Such a study can easily be responsible tor 
‘ tee tit torssonal vibration or unnecessary 
ho ton \ ids and thereby improve the pertormance of 
ent as well as reduce the load on the tractor PTO 
1M plements will be able to use protective devices 
t powerline loads to torsional values below. the 
PLO? shatt It does t appear, however, that satistactory 
{ pertormance can be secured on some implements with a 
tect fevice set this low Dorsional values of approxi 
it wie the intinite tatizue lite can be transmitted suc 
esstully they not occur too There are many 
esent-day iumplements that are taking advantage of this 
iracterists Obviously a protective device cannot be ex 
pected to protect an implement against loads equal to the 
ntinite tatizue lite specification and at the same time permit 
loads twice that value. these cases 
© protect levice ist protect the drive against the limit 
established tor ccasional loads, and then the implement 
t st check his plement caretully to insure that it ts 
tree tr hizh-trequency torsional loads which exceed the 
est t te lite t res 
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Morrell 


Study 


HE use of power-take-otf-driven machines has become 


increasingly greater during the last fifteen years. This ts 


ecause of circumstances during that era in which ma 
balers, tield silage harvesters and 
more common the tarn The intro 
duction of these machines has pointed toward the desirability 
independently controlled power Because the 
lack device, many were equipping these 
machines with individual power units. The main reason was 
to provide tor a means of stopping the ground travel without 
interrupting the power the machine and particularly 
those machines which could trequently clogged. When 
some these machines became clogged while using inter 
rupted power considerable hand work was required 
to clear the machine before operation Could continue. A stud) 
of this problem prompted The Oliver Corp. to introduce the 
independently controlled power its line trac 
tors, the 66, , and 88. This device has proven well worth 
while the The cost the independently controlled 
power take-off on a tractor is small compared to equipping 
each machine with a separate power unit 


chines such as combines, 


k cutters became 


such a 


Those machines which could trequently clogged, 
sented problem overloading the shatt 
universal joints the power line. Very high starting torques 
and tield operating peak torques are inherent in these ma 
chines which have resulted shaft all types 
power take-otfs with shafts meeting the standards 


pre 


and 


It there 1s a ditterence in the trequency of failure between 
the conventional and the independently controlled power take 
off, it is primarily because of operating characteristics. The 
conventional power take-off receives its power through the 
tractor main clutch and not submitted such high shock 
loading under normal operation. The operator will naturally 
tractor main clutch slowly for smooth tractor take 
otf which also gradually picks up the load of the propelled 
machine. This considerably reduces the torque required to set 
the drawn machine 


enpage 


into motion 

review what can and does happen with indepen 
dently controlled power take-otf with its own separate clutch 
interest. First all, the operator receives 
shock when rapidly engages the separate clutch 
power take-otf When this occurs, the maximum starting 
torque the propelled machine must transmitted through 
the shaft which can several times the max 
imum output the engine unless adequate protection pro 
vided. The engine flywheel inertia plays large part the 
transmussion of high momentary starting torque. Even when 
the tractor and machine are being transported and the power 
clutch rapidly engaged, the flywheel inertia 


is of 


and the 


present movement of the tractor and machine can 
atftord more inertia. Let us consider a flywheel running at 
several hundred revolutions per minute. If we attempt to lock 
it or stop it quickly, something has to act as a compensator 


On tirst thought one 


doesnt slip and act 


ask why the power clutch 
the cor The rapid engage 


pensator 


nent of an overcenter-type clutch somewhat parallels tlywheel 
inertia and under these circumstances a torque value con 
sideral higher than the capacity of the clutch 1s obtained 


until the clutch can break away and start slip 


There appears small margin between having sut 


ping 


ferent clutch capacity to carry the loads of normal tield oper 


ation without clutch failure and low capacity 
protect the shatts Continu nf 73 
Progres rt presented at the winter meeting A ma 
Society of ral Engineers at Chicago, HL, December, 1 us 
otrbution ot the Power and Machinery Division 


The author T. H 


Morret met engineer, The Oliver ¢ 
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Pu ter cha tained during tests shows 
te ot PTO drive Charles City, lowa 


Depth and Spacing Drain Laterals Computed trom 


Core-Sample Permeability Measurements 
Phelps Walker 


Mewner ASAI 


HERE is st vreat need for t m of the d t types of soil, to measure the drawdk wn char 
which to design drainage syste nyin and soil acteristics of these soils, and then t eter e the relation 
scientists have learned much abe il ips between the tw 
water and the echanics of construc s This paper presents the eth r ap 
but the coordinat of these two ¢ at prox iting the st ethcient « drain 
present upon personal and judgment laterals. discusses the 
Considerable work has been done on methods ot measur application, and some of the needs tor additior investigation 
ing soil permeability and other sol characteristics such as 
particle size and clay content. Several attempts have been GENERAL CONDITIONS AND 
made to use these characteristics as criteria for determining The soil conditions under consideration are illustrated in 
drain laterals Fig. Horizontally stratitied layers, each which homo 
proposed a method for geneous within itself, are represented Permeability, A, and 
water table. Kirkham ( porosity, p. are shown for each layer. Drainage facilities, / 
the seepage into drain tubes in soil consisting of not more than ‘2: are illed at depth, 1D. and spacing, $ ind, are 
two layers of different permeability. While this fundamental — assut to extend unitormly thr h a great distance. They 
research is essential to the advancement of the science of completely permeable throughout the entire 
the higher mathematics involved make dith re, ement may 
cult to ipphy n the tield sidered t ¢ in planes perpendic uo to the axis of the drains 
A simplited approach for determin the most etticrent It is assumed that recession of the water table is due er 
fepth and spacing tor drain laterals was advanced by Arono tirely to the re il of water fr the soil by drain laterals 
vice and Donnan (1) and later by Slater (4). This method It is ass ed turther that the torces that move the water int 
1 th ne presented in this paper are being tested in soils drains may be hkened to the torces in the tenston method tor 
ot the Southern Atlantic Coastal Plain measuring the pert bility f sol cores as descrbed 
In 1945 a drainage research project was initiated in Vir Uhland and O Neal ( In other words, hydrostatic water 
which was upon the that there are cer moves drains under the pores 
tain detinite relationships between the soil permeability and — the soil created the tree exit of water tr ower end 
the water table drawdown characteristics of respective soil ot the soil column. The rate of such flow is assumed to be 
conditions. The procedure was to measure the permeability determined by the permeability ot the soil layer having the 


lowest rate that part the through 


OF America which the water passes. Then it foll t revardless of the 
D I actual ith that the water ma take thr h the several soul 
de ASAE mitt n dened lavers, the resultant les along radu oryinating from. the 
‘ 4 pacing of ra 
Commuttee ¢ Dr ik ind a nt ntr tion of the Soil Conser respective crains 
enaimneerng depart tof the Virg a Agr tur ixper t Station 
th nrohler trat in Fig ? 
Service, USDA, stationed velocity the water movement resultant, radius 
WON through a unit area of soil between point y, on Curve and 
HOF NOW LEDGMES hor ebte 
Holt SCS. and’ 4 is taken ¢ appr ately itor over 
SCS Oper this Then the water-travel resultant along any 
‘ Ass eloping e is 
of the tural engineering depart time, 1s If 1s the angle between the 
c ragement in preparing this paper water table recession, Ay,. due to flow to L, i Vat Cos @, 
*Number parentheses refer to the appended reterences Likewise, the recession, Ay». due to flow to Ly 1s Vf Cos 4 


Ground Surface 


Surface 
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| | oyer a 
| | 
| \ Loyer 8 Kp 
J Loyer ¢ | 
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| 
FIG Schemetic diagram of soil profile showing location | FIG 2 Vectoriel of woter 
of dramage faciiites ond so! layers ond the re- 
m ment unt 
spective symbols for permeability and porosity 


Detoled 


; 
| 
| 
| 
= = 


aver ha he 
rofile thi howl Kater 
rate t ement fa 
i f t the 
1S EXPTESSe { as 
expressed in per cent only 
sion, | t water toward 
ross-secthon area 


{ drains L, 
the depth and rela 
the mid 
between laterals L., and Ly of 


Take point 


frawdown curve 


equation 4 becomes 


When \y ts taken as the n water table 
its satisfactory plant growth, then 4 ts 
vertical and the radius that 


r crest of the drawdown curve 


recession 
hetween the 
passes through the midpoint 
between the mud 


ditference in elevation 


As shown in Fig 


Let cor »* he the 


pomt in \y and lateral 7 


y eX 


It tollows that the horizontal distance trom L, to the mid 


pomton the drawdown curve, 2. 1s cony y times the tangent 


tangle # Mathematically at ts 
4 y tan O} 
and the total lateral spact between drains is 
\ 4 ny ? 
thy drains are installed in souls in which the layer 
tra ns are not horzontal. Theretore, drains of the 
Sa ition are located in sol layers of ditterent perme 
ubshities, or Ky does not equal K Then, solving trom: equa 
tt 4, equatl her es 
Vyp/tiK, Ke 8} 
W he tus desmrable to install drains at varying elevations 
is show? Fig 3, it 18 necessary to determine 4, and 
rapt iliy tor several estimated spacings ind solve equation 
with #, expressed in terms of 4, 
APPLICATION OF FORMULAS 
Standatd ¢ ul permeability, soil porosity 
ind rate of w all that as required to solve 
equati Anal 
Neal (4 served that hydrostatu water should not rise 
to within im oof the ground surtace Also, he suggests that 
tree water recede through the second increment 
ut the rate of Ltt per day and through the third 6-1n 
mcrement at the rate t 0 tt per day While these observa 


een proven by organized investigation, the re 


tay seems to satisfy most conditions 


ASA i 


AGKICULTURAL ENGINEERING for February 
Uhland and O Neal (5) have outlined the soil core method 
tor measuring the soil permeat y which ts being used exten 
ly. I these determinations, the permeability and corre 


nding soil porosities may be 


pronle 
The use of the formulas can be clarmtied turther through 

the following examples from two Virginia soils. The minimu 

permeability 


depths 2.5 and and the respective 
soil porosities of the | and 1.5-tt soil layers for the two soils 
ire given in Table | The solutions to equations 5 and 7 are 
isted in Table 2 
TABLE Summary ot Permeability Measurements tor Lenoir F 
Sandy Loam and Moyock I v Fine Sar 
Minin perme ty 67 80 iph of 
tor itpd 1 60 fpd 
Minimum permeability in next toot 4 ph or 164 iph or 
tosstt 16 tpd 26 fpd 
tv between | tt anid Stt 
fepth i per 14.2 per cent 


From the results Table seems that the most eco 
system Lenoir tine sandy loam should 
about 2.5 ft. Moyock loamy tine sand, the other hand, 
the additional lateral spacing the extra cost 
excavation and drains should located 120-ft spacing and 
approximate depth 3.5 


TABLE 2) Computation tor Determining the Most Suitable Depth and 
Spacing tor Drain Laterals 

type Lenoir hne sandy loam Moyock loamy fine sand 
Code 
Depth of drain tron 

xround surtace, tt 4 4 2.5 45 
Recession increment per 

fav, Ap, tt 
Porosity x volume, 4 142 
Time interval, ¢ days 
Minimum permeability, A tpd 44 ou 
2Kr ) 142 103667 
Tan @ 4 44 27.25 
Average depth to dram 

n 4 1.2 2.2 ht 12 ft 2.2 ft 
Spacing, & 2 tt Olatt Bsite lott 
NEEDS FOR ADDITIONAL RESEARCH 


are several tactors that need turther investigation 
setting this method for determining the 
spacing for drain laterals, recognized that assumptions 


FINE SANDY (OAM 


Ground 
- Mid section Limits | Surfoce 
— 
| 
Woter Leven tenes 
J KEY Observed woter table positions 
Computed woter table positions 
Sort layer Doundories 
D.stence between ditches 280 feet 
of @ feet 
torre fom Norfolk County, Virgimeo 
November 24.26, 
Pattern of observed and computed water tobdie drae 
down curves m 60:! profile of Rorrontally strated 
ayars 


4 
| hve © tut ter table rece 
The perniea ty, A t the »s 
ate that portion of the s 
t tree iter her 
feal with t volumes, f ay be 
hereture, the Clocit tr srt 
is t net ‘ mit 
L, as the length oft lumin, 
amen required to accomodate K, volume of water per unit of time ei ders 
Likewise, the velocity, | transmission of water toward 
ind L, are located at approxin 
ae tive elevation A A A ies 
' 
q 
fall 
i 
4 


wa 
wrfoce 
- sector mrs 
we 
~ 
Permeability S36 pr 
4 re 4 
pins 
r Fermeabiity 2 90 pr 
mer 


beerved eoter table positions 
computed woter tobie positions 
or! layer Doundories 


Rawls torm 
Noneemond County, Virginio 
Decemoer 4 6, 948 


FIG. 4 Pattern of observed ond computed water table draw-down curves in 
sol profile with stratitied layers mot 


have been made to meet practical requirements. However 
ifter reviewing a large number of observed and computed 
water-table drawdown curves like those shown in Figs. 3 and 
1, and noting the similanty of pattern for curves in both 

| { the ethod a pears 


soil conditions. Additional research 1s necessary to determine 
the factors responsible for this variation between the limits 
and their effect upon the accuracy of the method 


Variatios n Permeability and Porosity Measurement 
Perhaps the greatest Cause for concern lies in the wide varia 
tion between replicate soil permeability and porosity measure 
ents. The results of Lenow very tine sandy loar 


Virginia 


kiven in 


le 3 are characteristic of many determinations made in 


gh the average data when used in equations 


ilts that are in agreement with the estimates 


of experienced field engineers, the range of permeability 


values from 0.02 to 0.2L iph raises the question of what 1s the 


actual permeability of this soul, The same question ts true for 
the soul porosity measuren ents 
I N Cay Por 
Det l \ I ( M 
porosity 


There is a need for additional information on soil-water 


movement which should be secured readily from additional 
Most the 
present routine laboratory measurements are conducted under 
According the concept 
the method presented in this paper, the tension drawing water 
Therefore, tests 


tests while making permeability determinations 


constant heads and tensions (5) 


to drains decreases as the water table recedes 


should be included in the laboratory procedure which will 


detern the ettect of Varying tension on percolation rates 


and porosity measurements 


Water Supply and Depletion. No attempt was made to 
develop the method suit either artesian deep seepage 
However, the rate supply for artesian condi 
tions depletion due deep seepage determined, seems 
likely that the formulas can make the method 
applicable these conditions 


conditions 


CONCLUSIONS AND St MMARY 


casurements here i 
ents vatlable ethod 
tor st « € soil ¢ littons enc 
is designed to take into account soils 
layers of v permeabilities and porosities 
ipplicable when drains are located litterent 
as the drains are at APpronr itely the same 
equal deptl While the ethod as still ipplica 
lithcult t apply when the 
vary considerably 
Refinement of the metl 
be conducted to deter € 
these mits are ever too s 1 tor the tor 
factory Intensive imvestig st be cond 
ne what characterizes a tative perme 
nd how t ¢ the wide range of varianc 


prope 


Study Power Take Off 


Because of the power take-otf-shaft tail 
fart lustry, a special subc 
Visor Commuttée of the Far 
tute was set up to study the prot ler On Ma 

} i 


s committee met and reviewed the existing 
It was recognized that an 


be made to include the lateral 


hitch point with respect t 


i 


ds on the power line between t 


the implement. It was decided at that time t 
ested company should gather all data relating 
with respect to the type of ichine Causing 
model, t failure and operating condity 


each con 


should do everything possible 1 


inuals and decals to 


bulletins, instruction 1 
portance 
existing designs 

Subsequent meetings of this subcommuttee 


primarily to the imposed loads on power take 
of a study of various operating conditions. It 
make no changes in the existing standard as fa 
was concerned, if the problem could be solved 
thought ts that a torque-limiting device on the 


chine or in the power line should be provide 


o the power-take-ott 


of correct power line installation withit 


ce, it is more 


Drives 


ocation of the 
shatt and to 
he tractor 


to the prot 
fathure, tractor 
mis; also, that 


n the form of 


were devoted 
otf shafts and 
was decided to 
r as the tractor 
otherwise. The 
propelled 


1 and that the 


limiting torque should be determined by tests with each cor 


pany making its recommend 


tions 

Although no definite conclusions have be 
solve the problen 
ing characteristics Of numer 
tors which have been determined through an 


study are of great interest and valuable for fut 


en reached to 


power-take-off-shaft failures, the operat 


t 


propelled machines and trac 


industry-wide 


ire designs 


| 


spel This paper presents a method for approximating the most 
et cient tl if Ss} wing ‘ latera S ct P ited tre 
permeability 
satisfac 
n Virginia. It 
sed of several 
1) 
It IS Equally 
layers as long 
elevation and 
spective drains 
tivation should 
lsection and uf : 
enc is to be satis 
tween replicate easurements. More precise results can be 
j obtained by evaluating the ettect on the verment of soil 
water of varying tension and natural water supply and deple 
applicable to most s il conditions tested. The louts within : 
yz which these curves are congruent 1s called “midsection limits ney 
Rov sc The extent of the midsection limits seems to vary in ditterent 
water rvat TP 1951 
_— f nermeahilit pom Sait Sa. 1046 
and 7 gi 
ar RIVE rest 
tres within the 
tee of the Ad 
juipment Insts 
vy 31. 1950. the 
SAL-SALI power 
expansion of the 
; 
hat each inter 
| 
the limits of 
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Heat Transters Citrus Orchards Using Wind 
Machines for Frost Protection 


et See i t ture polar continental air is preserved by exten 
: le eth pplement mat ind subzero temperatures in Nevada. Natur 
suite sind it 1s possible to prevent losses, The 
nary calm radiation frosts often sutfer more 
It e ist ize frost da ie fom Without enchosare complete toss ts 
rare ss orchard temperat about 20 F 
Weather Bureau Warning Service over years the velocity the cold-air drainage. Higher 
The + fornia studies were initiated about generally more tree from frost and is preferred tor 
‘ 1to this pr 1) moderation of treeze losses in occasional bad years and 
eve keless hea er (2) econ ical protection trom typical radiation frosts sev 
This return stack hea eral nights every winter, One grower expresses it thus ] 
ers tor $ ; yood at as sold extensively at $15 as a expect tor lose t every seven years. but I want to stay 
t { esa in business the other six 
M r treezes, which are publiazed by reports of millions I 1 shows two of the odern large wind machines 
rs ot SS, « ean seuthern Calitornia only when a erected side by side for comparative tests at the University of 
Califorma citrus experiment station at Riverside. The whole 
Ameiva tower top rotates slowly, bringing a blast to a given direction 
ground and directed sligh downward so that the ar blast 
penetrates the orchard about away and produces strong 
90-bhp machine is spectally designed tor downdritt operation, 
r I taking }min to sweep the lower 180 deg but skipping around 
the updntt deg in min. The dual-engine machine, 
\ ¢ stat rsicte each operating at OS bhp, turns 45 deg per min, as is usual 
I> Ri © sta tor square 1S-acre tracts. The system at Oxnard (Brooks, 
ck ® who built 1948, Citrus Leaves) produced a 2 to 4F general response, 
ind blast response lemon the outside edge 
I t Stak O i AS |e 1, Acku RA t tree foliage at a distance of 250 tt trom the machine. Fig. 2 
I sa view of the Rewald orchard near San Bernardino show 
beyond the protection wind machines alone, 
nat creasing trom right to lett in the direction of aur drift 


Frost Protection. With heating costs 
now about 2 times as expensive as before World War IL, 


rise in price 


to a freeze, son 


frost protection 90 years ago canno 


a 
ag 
. 
| 
low R pper part revolves bring air dritt trom ¢ naht, near San Bernardino, Cait) Dark area unharmed 
t t Sil tt and strong gusts area bad trosted xtending paritt shaped triangle 


J 


minus 150 F in two hours’ This | ns to be almost inde 
fent of heat stored in the solid because of the low thermal 


tivity of dust on the surface. On the earth in the same 
} 


exposure in sunshine and cold space, without the atmosphere 
the nocturnal cooling rate betore sunrise 


of the observed avera 


ation toss trom a surtace 


to 1 by the downward radiation trom the 


he earth s itmMost here as an extensive he. 


t 
back to the ground, restricts typical rac 


ati 
ireas to those tew cal clear nights | 
it osphere i ft 
Red , Radiation I by ¢ d The trost warn 
iihed with a proviso of no cloudiness 


ostWar acceptance of 


lima At sot wit ichines now see less objectionable and i when at low level itself radiates at a 

their low operating costs very ous _ | +} the davtime air tempera 
Frost protect n by wind t econor night t Jan ry 12 

redistributing the war uf nd iden stops ot radia 

came into use over 40 vears age 1938 tion cooling by « ilse that comncidently 

reliable protection, use continue the surtace ground mses when the previous 

ly expanded since the War, largely because tl perature gradient, developed to provide full ra 1 loss. is 

is about 1/5 that for heaters Field studies no longer needed to cet the lessened net radiation de ind 

corded expenditures using the skv. Another example radi 

wind machines reported by Yarick (1950 overhead fog was observed neat Stratl 

( ntv show he to Cost about $3.60 per the central ¢ t a citrus district ‘ 

machines ne ind nation of {-machines The sky was clear at 11 ps Fr to 4.00 ar radia 

plus heaters about $0 per acre hour, the achines thon measurements mdicated Clear-sky conditions although the 

running about 100 hr per season stars were not very broght Then a low, wet, overhead tog 
When the 2 or 3 F temperature rise obtained by chine P e in and radiation loss virtually ended. This cloud was 

under ordinary conditions i not sufficient, the tiring of & to seen, by searcl ht and the captive balloon to occupy a layer 

15 heaters per wre (instead of 25 to SO sua supplies an 200 ft thick extendu tr Sot SOtt above the I nd 


the resy se curves for the fitted heat-transter syste in I} « t heat tt n radiation ¢t the 1 ht sk 

typic orchards. we wil. theretore. first consider the funda isin ft in irresist le heat ce ind ed surfaces 
mental action each mode heat transfer and opposite solar energy throughout the 

t whole, natural complex during radiation fr ‘ time Consequent] fur the ht ever square foot of 
cal clear might, 1 flat orchard area so extensive that surtace trees ras r bare round t cont ia ‘ 
border conditions can be ! giving off heat received tr terrestrial sources ch are 
s I 4 ric te thers i Aith thie Surfaces 

RADIATION COOLING TO THE COLD SKY These sources are pri in! the rr ) the air above the 

was atmosphere, the radiation cooling trees; water vapor condensed and within the orchard, 

ace would be so excessive we would have frost every night the heat capacity of the orchard trees and air, and, tinally 
An example of this is seen in the measurements by id f there is artificial heatir the heat of « stion of fuels 

Nicholson 1930 of the surtace temperature of n Heat of respiration 1s virt illy non-existent because of low 

They tound a change from pl to temperatures at night 
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| 
Che is now attord to use installed equipment even though its capital 
} 
ane a cost was written otf long ago. The dithculty 1s that the cost f 
aaah of trost protection goes by the acre, but the net income t conduc 
pay tor it comes only trom the fruit Therefore, the 
1 
Se economic value of frost protection depends directly upon the j 
ee productivity of the orchard in quantity and quality, No close pechr instead a, | | This ts because 
averages can be stated, but the general opinion is that the the outgoing is about 4 
} j 
pact grower who has to heat more than 6 or nights per year ts Mee atinesphere. Thus 
Rese probably losing money on tha operation it source radiating : 
that citrus fruit loss not suddenly devastat 
ens 3 ing at a certain critical air temperature, Caution in using high 
ae cost fuel, and worry over the public anger at the smoke tron ni. 
RisiG sg heaters have led many growers to delay tiring ther intil the 
more exposed fruit has actually frozen. Considering high 
extra devree or We an tailure to untain Sate € pera 
tures seems to have resulte In tess toss than anticipated mn D 
epending n the character of the ai mass, there can be con 
quiet air. Thus the n of machine and heaters meets 
siderat ditterenc n net radiation loss ranging trom 15 to 2 
the usual radiation trost conditions in Calitornia so well it ts 
A he observed te of net late on "ver 
} | night, however, is usually fairly steady, diminishing so slowly 
approximate investment cost for the cor ination now ahout 
mie $400 an acre ifter midnight that, in general, it can be assumed substantially | 
constant as long as the sky remains clear” The magnitude ot 
this Steady net radiation rate is measurable fter dark by n 
there are in Calitormia now more than 2,800 wind machines 
ncovere radiometer if the skv is entirely cal 
2000 which are “Ohp or more All types together represent 
in inves growers of over $8,000,000 echanical 
bart tually independent of the higher even temperatures by 
means of rost: prote on Four million heaters ar Still in 
} interpretation as tractional transmussivity. When a radi eter 
citrus ronhards it there ire intis Ke ordinan in st 
S not ava the trans ssivity for lear nights can be 
areas requiring eliminat of smoky types i i 
culated af the total precipitable water in the atmosphere ts 
The general conclusions of the report on costs versus tt That 
enectits cr 5.2 cc equa in ke est sted rat ns of Angstroms for ft 
] yooantits nda hit of pre tt } 
are 1 in jua \ Kt per acre, ( tre surface hservations { ture erature 
quency and severit fda iving frosts, and (4) t per cc ind Cyeiver. 1 0 
ree temperature rise obtained by artificial protection. Natur 
eye lv the statistical determination of weather } rd is part of Ext R / R ry bitin H ) } 
the agricultural engineer's duty t this paper is directed t ve concept of | 
brie, isic heat transfer problems, keeping in mind that efficient use rease in temperature at night, the net radiation, | can he 
of matut heat sources will vield the most ec« cal results interprete y ¢ rence crw 
tree te erat nd ent k t erature t 
The s taneous interaction miultiple-heat exchanyes 
cting through thermal resistances which vary wit lepth, and rt.) (8 pr fre 
even with rent (asin stable air mia see sit t rb 
nderstand i quantitative sense We can proceed 
How er, into any comple heat-exchanye if whicre # ( al 
the rates of f \ vy each of the three or tour es ot heat 
transter can he sured or determined. Betore describing 
| 
ey, 
| 


‘ Heat l More eas than tor radiation, the all 


tart temperature levels of the round, the aur 

trees ca ‘ easured betore oighttall In these cases 

e the temperatures rela ost closely to the 
tor the stered heat to be drawn upon during the 
bor heat th s| 1 he t an am temperature 5O 


yl 1, but some sol temperature The 

| temperature is Chosen here as the average for the heat 

rawt ecause {tf tl casurements rey ted in Fig. 4 at as 

ct that there is ver tthe diurnal temperature change 

er the cd heat tro the soil, ter perature 

ent ri e established to the degree mecessary to meet 

t the ina This ce i less than the radiation 

tl © heat « 1 tr the au by eddy convection, 

heat thow can exceed the radiation loss very 

et hen additional heat is required tor evaporation at 

th il surtace. In all cases, theretore t night the loss of 
t ikes the surtace colder than the heat-source ter 

erature deeper and the degree this 


the rohiard 

( The basic heat ¢ fuction equation ts 


plate heat-tlow meters 


gradient dt/dz as practically 


‘ tant r clear ca mights tt nidmight to OG am, in 

bebruat I het since the gradient is nearly linear in 

thre er tew hes, ut can be evaluated it soil temperatures 

ire isured near the surface and at to 4in deep. Thus 

therma ‘ ty of the sail can be determined in. situ 
tr thre easurements of heat tlaw / ind of soil tempera 

t at tw 

\ h the s s never a homogeneous substance with 

fot ther il charactersstiucs throughout, the Rte ind as a 

{ heat pacity reacts to a steady heat loss 


ver hoas las tinite slab. It as useful there 
tore t foot e tempera es n given by Jakob (1949) 
if it as tit in empirical Coethaent, ¢ to mclude the 
extra hours of « ng because evening temperatures near the 
surtace exceed the tor (deep) temperature assumed tor 
the idealized analytical syste (see 6 pn protile Fig 4 

The te erature decrease at the surtace can then 


This is the 


Starting heaters for 


until the time ot 
Inasmuch 


constant for 


basic concept of surtace ¢ oling 


trost 


as the tem 
heat 
shows that surface temperature would de 
root of time, 4, since the start of su 
radiation when the whole slab was at untform temperature 
Af 0. Also tor 
temperature increases linearly with depth 


protection 


perature gradient at the surface 1s steady 


loss, equation 


crease as the square 
very small), the 
The 


with ditfusivity, as 


infinite time (or 
temperature 
foes mot mecrease might seem 
conductivity 


rate 


indicated, because the corresponding increase in 
would decrease the gradient for a given heat-flow 


relating temperature gradient hours 


cooling, provides a means for using the observed soil heat 
How, FE. as expressed in equation [2], to estimate the hour-by 
hour temperature drop. It 1s desirable, therefore, to express 
the heat-tlow rate trom the soil, under steady loss conditions 
in terms of ten perature decrease and time, namely 


Vr 


HEAT FLOW BY CONVECTION FROM THE AIR OVERHEAD 


overhead air eddy con 
same pattern heat 
the air 
thousand feet usually 
Thus there powerful eddy 
ich heat available from such 
And, nights of excessive 
there and thin layer 
ground quickly drops in temperature because of the 
inherently small heat capacity of air. Naturally the air heat 
supplements the ground heat meeting the net sky radiation 
that high thermal conductivity for one auto 
matically decreases the temperature gradient needed the 
other This is most easily visualized tn the combined Fig 3 
Ordinarily sheltered southern California citrus areas during 
radiation the convection and short-range radia- 
tion will furnish only per cent much heat the 
cold sky as the ground does. If wind machines change the 
natural eddy-convection rates overhead, the air-heat contribu 
tion might be increased artificially, but their etfect on down 
ward eddy thermal convection from overhead air has 
calculated 


The nocturnal heat fre 


vection 


uch the 
Because of 
trom lOO tt above ground to a 
more than 20 F above freezing 


downward follows n 


ow trom the ground daytime heatt 


few 


convection, as in a wind, so 1 


conversely, on very calm stability, 


very little eddy convection, 


near the 
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Pe » the rface. Careful heat-exchanee eon 
' frore rise t the te erature ditter 
elween pr rtace rat was al st zero 
re st pear orchard near Lakeport, Calit. Tw 
rate ha time temperature vht hav ute 
ed tn t me it Capacity per area. Al t four 
VS ter re In bi days at had warmed up to a higher 
cat t trom the er as trom ti aif ring 
4 tr protect the pper ry little clow 1 1 3 ae 
t 
a4 
@ : 
2 
J 
be expressed as 
Ss S laz’s 


AVAILABLE ROM HEA CAPACITY OF KEES 
AND ORCHA ’ All 
[he st eratul t the hard 1s not portant , 
‘ se e he cit t the trees ts te y such a 
s i cr es ft bra that there is very ttle time lag 
the temperature waves. Thus the un effect of, 
ret erial ws the heat ea ¢ hour by hour, whick 
saves the soul heat Until study heat tor 
the leaves, f cover crop, the excessive ¢ ns * 
within the orchard ca c evaded by trea the pel 
t the char Sa ck layer whose ettective temperature 1s 
KC tof the au ithe trees at height 
Heat R hy Honrly ¢ Or 
il I The heat released witl the orchard au 
er temperature cl es found tr the heat pacity 
rtor cd trees | s orchard ai \ 
orchard ar 
pp 
While ¢ 1F perhra ear torchard provides about 
per cent of the radiation inal ind since this wall 
crease with tree weight it i ¢ the signiti t reas for ; . 
rchar ss susceptible to frost damage 
KN A FROM CONDENSATION AND 
FREEZING OF MOISTI 4 
nocturs heat t¢ {1 ( Sus 
Steady it het mt, and there is i 
i ror re at F, whereas ina} Ch frost 
the temperatures usually drop are unsteady. The 
eT ¢ 1S t to mecreased ck radiation fr 
he rr s t sphere The te perature stea ESS 
1s sus er water-vapor rs tion 
har er stor st 
The heat « ed 3 Wer the dew] f 
to Fos i t Btu persqtt for a r layer OO tt 
thick It this takes thr it is t one-tenth the nocturna 
i rate i ‘ how 1 F higher 
per I ent. In treezu the dew the itent heat i ? 
1 Bt er best tal square toot } eq alent t | 
released free fruit at er te pera 
ture 1s € evyond trost protectior 
WETS t ict es | ec 
the rer roharad the te ture t tres 
! wers t if i cs rut } if 


ess there 1s tr t passave br 
Ihe re r tre vs in e the eve 
\¢ | t I he re pr theretore t 
he tries t feter ¢ nt a Naf 
ecthor The pot ifive, tl 
t t t re ers are 
It needed, however tor the « sation 
which is the nor rt of the sture effect re © to the 


1 remer tO): lis Heat § ‘ lem, 
i I he asic alr perature is the meteor 
Lae a € gt 1 or } her Atter , r temperatures closer t 
the pround re Sually im a Superadia tie aver where hizt 
temperatures ¢ ipse with the ending of sunshur 
ie At might as the soil surtace temperature drops (because of 
heat by radiation ¢t the ¢ 1 SK t deve ps at 
j 
crea empera itference relative al verhea 
ae establishing a potential to drive heat trom the air toward the 
I 
[ per part t tl t is t 
ce upper t | Altl ¢a 
casure this temperature yvradient, we still do not know tl 
Say rate of heat flow downward because we have no way t cas 
pe ake nog eddy heat flow nor the eddy conductivity of the stable 
Fie ur, We know only the ni the molecular conductis 
2 yaa, ty ot air which ws about one-third that ot cor Daytime 
eddy conductivities may run LOOO times the yecular, and 
eet CC AUSE t the tru mal shear even in stable air, there st 
¢ eddy conductivity, which mught be interpretable tr 
Bees, the observed shear stress under very smooth flow Vehre 
eared wit r stabilit in Brooks, June, 194 In a simular recent 
aie a extent of the nocturnal inversion to determine an over-a 
nae eddy conductivity of the r. Such procedure includes short 
rate range radiation cooling of the air, tor which the served net 
radiation st ld be corrected upward 
ing Hourly As soon as the eddy conductivity tor 
pees stable air can be evaluated, tormula:3} can be apphed as 
first approximation tor the cooling the and 
rmul th ition for au heat transter woward, 
for ila € eq i 
loz 
‘7 
eee Under the observed net radiation loss, which was practica 
ae constant ii Consider heat tre the sou amd air as s 
t 
> the ae ral nil t the surtac liaor 
2 he ¢ fe fa ivi if € 
Fig. shows the nocturt temperatures accord 
ae ing t easul ts at Riverside 193 nd the correst 
mie nts tr to and interpolated radiosond 
data. The ordinate scales tor air and 1500 
to represent graphica the same heat capacit thus the 
cay st ed areas represent the proportional heat sources tor the 
ite othe skv dur \ large part ot tl 
om heat lost by the auras by short-distance, atmospheric ra thor 
Pate which is part of the measured ck radiation leading to tl 
fractional net radiat ss, | he rt of the air he 
€ y convection is theretore less thar ited | 
ee the shading; for the Riverside example it a ints to a 
t the br temperature profiles is to be ected tor inter 
pret Soul Surface temperature versus t the se 
rout (equation This bare-gr 1 Inve 1s 
rse. too nle tor 1 echara taut the t | 
i it € expanded | lifting the air intertace to tree-top level 
ras Kecause of radiation loss t t ive to ¢ _ the r at 
aren: tree-top level 1s « ed to nearly the same devree it we 1 t 
ire hence hour cooling curves in Fi stil 
ee represent approx itely What happens at the bortt ind tor 
A iieiy of an orchard. The essentia trerence 1s the introduction ot 
Reel. 1 heat source be se of t! neat Capacity t the trees and 
t 
3 


evaporation 
heat rates ar 

(8 Artt’ accuracy can 


This leads t 
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The heat released by re change of phase 1s tion , with low-level eddy convection ipward, probably 
the explanation (1951) finding more heat flow 
trom the soil than the sky radiation demand. wind 
e hines increase such evaporation this would be a disadvantage 
ry th 
1 their operation 
{8 rrp?) 
7 When there is evaporation from a moist surface, a term 
latent heat acts heat the orchard, heat absorbed needed, namely 
4 i¢ thre fi censat } irt 4 cs th rect ard 
w 
€ peta ppr i } st satis oil evap, (a/orfr?) 
factory to nevlect the iller, treezir part a restate the 
mormsture evaporation, and an area distribution coefficient 
é a-c, A,w 4, 2s There is no simple way of relating the expression with hourly 


hourly cooling, yet all the temperatures and 
e so interdependent, a conversion with reasonable 


ra iM ture at (4 
within the first few Ese Ce A (8 t 
face temperature, there 1s 
re out of the soil. the Which can be grouped with the expression (equation [7b]}), 
omt than am at foliage for dew 
Evaporation at the sorl 
heat-exchanve syster TENTATIVE BALANCE OF NATURAL, NOCTURNAL HEAT RATES 


ed. Caretul measure 
e, February, 1951, in 
loss in of O.OLAlb 
high tor the acreage as a whole 
tin terms of heat rate amounts to O8 Btu/hrft 


Consider 


APPENDIX 


flows by conduc 
wverhead arr, 
which change, 


per cent onto the heat lost by met sky radia (23. {35}. 16) 


IN AN EXTENSIVE ORCHARD 


ng the net radiation demand to be met by heat 
tion trom the soil, eddy from 
direct orchard cooling, and latent heat 
the heat-rate expressions in equations {1}, 
b}, and {7c} together make the heat balance 
the orchard layer. With appropriate coeth 


cients, the equation for nocturnal heat balance 


neglecting freezing theretore 
1g, dam efficients to adjust for arregular area distribution 
eradients, ete to adjust local deviations of 
temperature and thermal properties of the soal, ete 
heat transfer rate (identified by subscripts) 
‘eh (Wher fe* deg unit radiation conducts black body) 


173 (T, To) 4 7 

(Bhrfer average thermal conductivity of the for 

(dew fe) sorl at Hiverside, February, 1939) 

he average eddy diffusivity 

temperature, F 

At jeg +) temperature departure from original uniform magnitude 
(at any depth, 2, and time, @. since start of 
irradiation) 

it (deg 

fe, ( ft average temperature gradient vertically an the soil 
or the air, representing the equivalent homogeneous 
gradient in depth and time 

T nH) absolute temperature (degrees Hankine) 


effective eeight of substance per unit ground area 
height of depth 


a, (fee he) average thermal diffusivity (= k = 0.025 for soil 


at Hiverside, February, 1939) 


emissivity, whole-spectrum F, grayness for hal f- 
space radiation 


average volumetric heat capacity ( 
Haverside, February, 1939) 


A. (Bib deg F) latent heat of vaporization ( = 1076 et 32 F) per F 


in reducing dewpoint 


ont Stefan-Roltamann conatent for black-body rediation 
(hr) time 


ify 


small and known with accuracy when 
measured (at height). The net 
radiation measurable and the ground conduc- 
tion directly observable the heat-flow 
meter located spot representative the 
whole area. Only the convection term ts in doubt, 
for lack knowledge the proper 
Sivity coethicrent to use for varius degrees ot 
present, theretore, equation can used, not 
verification all the heat transfers dem 
onstration heat balance, but calculate the 
eddy-dittusivity which then will lead 
workable understanding all the transients 
nocturnal cooling 

Omitting condensation and evaporation, our 
present estimation heat flows inside large citrus 
of, say, 22 Btu/hrft® ascribes a total of probably 

per cent from the ground made per 
cent going directly from the exposed surface 
the sky, another per cent indirect radia- 
tion, and another per cent indirectly con 
vection currents the tree tops. total 
about per cent the air, probably per 
cent comes eddy convection downward the 
radiating surtaces from above the orchard, and 
per cent cooling orchard air. Then the cooling 
of the trees as solids would account for the re- 
maining & per cent 


3 
Ls 
a 
Heat Taken Up in Nocturnal EF: 
Soll Surface With sol temperatu 
inches warmer at ought than the sur 
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Heaters tor Frost Protection 


Citrus Orchards 
Robert Kepner 


Memeer ASAE 


URING five winters of field tests at the University ot 
Cal 


comprehensive studies kinds heaters 


fornia Citrus Experiment Station at Riverside, 


were conducted one-acre heated portion larger citrus 
orchard. An extensive network of thermocouples was used 
to automatically record temperatures at various locations in 
both heated and unheated plots. Soil temperatures were 


measured depth below the ground surface and 
air temperature height above the ground. 
several occasions captive balloon was used obtain temp 
factors, such wind, atmospheric 
radiation, and heat flow from the soil were evaluated during 
the tests 

five occasions during this period, isolated areas rang 
ing in size from 7 to 28 acres were instrumented with port 
able equipment that heating studies could made 
larger scale 

Quantitative data were not obtained for so-called mass 
heating conditions, partly because there were very few nights 
during the 5-year when extensive firing was required, 
and partly because the obtaining reliable un- 
heated check temperatures when entire district heated 

addition the field studies, tests individual heaters 
were conducted the agricultural engineering laboratories 
Davis determine the radiant energy output 
thermal characteristics several kinds heaters various 
burning rates 


FNVIRONMENTAL CONDITIONS INFLUENCING 


REQUIREMENTS 


HEATING 


Brooks* discusses detail the conditions under 
which frosts occur and the heat-exchange processes 
involved, only mention the most important environ 
mental conditions will included this paper 


{ expressly for AGRICULTURAL ENGINEERIN 


This 7 was prepar 

auth Rowirkt A) KepNer, assistant agri engineer 
California Agnecultural Expermment Station, Davis 

Ai Note) While | heating es ha en made 

orct the pr ples presented » th paper shoul 

© £ rally applicable. However, because the toliage 1s less dense 
in a the r xv t cate 

* Heat Transter Citrus Orchards | « W M es r 
Fr Protectc F. A. Brooks, C. F. K Rhoade 
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Fig 1 Vertical profiles of temperature and heating effect in the center 
portion of 1S-acre heated area, tor a night with a large inversion 


Radiation Exchange. Most heating requirements are the 
result of nocturnal loss of heat by radiation to the cold sky 
The air itself does not lose much heat by radiation, but 
becomes chilled mostly contact with the 


other exposed surfaces such plant leaves, which are losing 
The net rate of heat 
is influenced by the moisture content of 
osphere and its temperature, particularly the lower 
On typical frost nights this loss is 20 to 

unheated area, the ground the main source the 
heat lost radiation the sky. Any practice, therefore, 
which increases the soil thermal conductivity will improve the 
availability the soil heat and also increase the flow heat 
into the soil during the daytime, thus reducing the frost 
hazard 

The air cooled contact 
with chilled surfaces 1s more dense than the warmer air over 
head and therefore remains close the ground, becoming 
colder the surface temperature the earth continues 
fall. This just the reverse daytime conditions, when the 
ground and other exposed surfaces are heated the and 
turn heat the lower air and cause mse. Thus the 
vertical gradient temperature during the night 
the daytime gradient 

In common orchard-heating terminology, a condition of 
large inversion referred low ceiling, because the 
heated air and products combustion from the heaters rise 
only relatively short distance before encountering natural 
air warm Conversely, with 
small inversion high ceiling, the overhead air for given 
orchard temperature not warm with large inversion, 
and products will rise higher 
makes heating more dithcult 

As indicated by the unheated temperature profile curves 
in Figs. 1 and 2, erature with elevation 
is most rapid within the lower 50 to 75 ft. In 


heat by radiation to the sky loss by 
nocturnal radiation 
the at: 


thousand feet or so 


Temperature 


enough restrict their rising 


This condition 


the increase of ter 


all discussions 
following, the ditferences between the 60-ft temperatures and 
the 5-ft, tree-center temperatures in the unheated plot are 
inversion. (Figs. 1 and 2 are discussed in detail on page 82.) 


One of the n 


taken as a measure of 


Cold Drift ajor tactors the 
response from artificial heat, particularly in an isolated or 
chard, is air drift or cold air drainage. Even on nearly flat 
terrain, and with a relatively quiet might, the air drift across 
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ergy Outputs from Heaters 


tr of total tuel energy 


Kind of Radiant 
fraction 
heater burning rates 


16 2 16 trees 


wees sky) ground ees sky 


Heaters in centers of tree spaces 20 1 24 tree 


Exper Coke 54, 417) 136) 133 148) 130 

Jumbo Cone 56 296, 107 98 | 93 less 

| Return Stack §4\ 2 98 89 89 87 slightly less 
| Kuttle 57 275, 120, 86; 69 106 less 

| Hy Lo 230A 22 80 71 71 shghtly more 
Pugit 81 181 88 a4 49 85 68 shghtly more 


Heaters in Wee row wees 20 apart rows 24 apart 


| 
Jumbo Cone 56 296 101: 134 61 les 


| * particulars test run at this Durning rate Radiant frections remain sbout constast 
| for Darang rates above these values 
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\ 
f m 1} rad t tput t het ct temperatures nd the larger vertical-surtace 
ee rate r sever kinds of heaters were reas. tr shich radiation takes place. Radiating surtaces pediscn 
hye tul iboratories at Davis {te be appr vertic tor may im effectiveness 
! pedestal a t JO tt abtw in directing radiation to the trees rather than to the sky of 
the heater in a vertical plane Ere thes The partion of the heater t energy intercepted 
t tractor er cent of total tue trees depends upon the tree size and spacing, and the location 
ite t the heaters with respect to the tree Heat radiated to the 
round partially ettects in the erchard since it results 
f tetal radiant tract ersus but in some additional beating of the air in contact with the 
ters show ni ground, but the energy ra ted t the sky as practically 
t of these ¢ radiant tract tends to re wasted insofar as orchard heating is concerned 
kinds of heaters and includes the results of calculations which 
t t t t thre ris tested \ the t 
show the distribution of radiant energy tor two tree sizes 
. In veneral, with trees 1 tt in diameter and 12 tt high, the 
fivistion of radiant energy between the ground, trees, and 


4 
next t the heater The nearest trees 


is placed at the center of the space 


between tour trees, each of t 
of the total amount of f 
The next trees out recenve only 
Considerir in orchard with heaters 
trees (ever ther tree in every row 
tribution of radiant energy ts obtained 
it the centers t the tree ices and a 
Fach tree then receives equal i 
mw ‘ posite sides By trast, if | 
heaters 1s needed t heater per & tr 
receive ver ttle radiant energy and 
st entire convection 


TESTS THE ONE-ACRE PLOT 


In accurate 


t | pon many tests under 
1one-acre square plot 
ve the Citrus Experiment 
ented, and groups of heaters were oper 
inous conditions. The trees were about 


1 12 tt high and were planted « 


runs were made on approxi 
winters. These runs were all made on 


d enough 


frost condi 


sions ranged trom 4 to 20 1 
Arrangements and Kind f Heat The ditterent kinds 
of heaters tested are illustrated in Fig. 5. The Hy-Lo 230A 


| 


Riverside Junior Louvre heaters are of the lazy-flame 


type, in which most of the combustion takes place above 
the tops of the stacks. The Jumbo Cone, 7-in Exchange model 
and Return-Stack heaters are classitied as Combustion-chamber 


or hot-stack heaters, since most of the combustion takes place 


in a combustion chamber at the base of the stack. The Kit 
is also of the hot-stack type, but combustion is over a 


shallow trough rather than from the fuel storage The 
Fugit generator type which operates with fuel under 
pressure pipe line 

The experimental coke heaters were tested with radiation 


to the foliage balances the net radiat 


high heat 


shields 1 as we s without tl no order to « pare 
t t ective heaters, while with the 
1 
es at ns in the heated plot is 
ea ; wind heated area ere recorded aut 7 y at 1 
ter The sual per 1 itt 1 run Was 
SKV IS about i However, th Fugit Kittle heaters es were tor 
ecause of ther hats’, transmit nearly halt of their radiant eriod just before the heaters were lighted in order to establish ‘ 
rales ndicate the total a nt of radiant energy recerved the tierent kinds of heaters, the 5-tt arr te eratures at the ce 
trees, they do not indicate the distribution between imadivid ol ces he | 
rees located a s distances fre the heater It ne i with « es empera es 
tree row hetween two trees 12? tt diameter 12 tt ter eratures take r the cr { the heated plot wer 
per cent of the total radiant energy received by all trees COM PAT ir temperatures he heate 
oe ae n the adjacent row were easured in addition to am temperatures. While these 
side only per cent each. the same heater are the critical ones consider deter 
ce ese receives about 20 they may vary several degrees for ditterent ex] res and : 
Bg energy going to all locations on the tree. For example, fruit exposed directly 
gt to 4 per cent each to heater radiation will be warmer than the air, w e fruit ; 
wee spaced one per tw on the fark fe of a tree and exposed to the sky will be 
st untforr die colder tha the am Since | t transter to or fr the air 
gare when the heaters are tends to average out variations between individual truits and 
oe heaters are burnir eaves, air temperatures were used tor all heater Compartsons 
The total fuel consumed during each run was 
et every fourth row of determined by weighing the heaters individually betore and 
mts s), the coldest rows after the run sing a spect y designed portable scale unit : 
Bees ence must be heated Only one kind of heater was tested in the main plot during : 
any partu r night However cas il runs with the 
ere’ Hy-Lo 230A heaters were made dutit each of the several 
HAN, 
vinters f the study, as a check against possible hanes 
order obtain the results from season season. The results obtained with this 
ness of Various type kind of heater were remarkally « sistent treo t 
caretully selected of 
Vertical Prof f Temperatus Fig shows au ter 
ee peratures and the response trom heaters in relation to hemht 
Station was instr ; 
cpa Says ‘ above ground, for a typical run with large inversion. Note 
ated in it under vz 
that the mani response of about 4 F in the one-acre plot 
has ; was between heights of ind 15 ft, and there was no meas 
2i-tt centers. Heatir 
Sas , } urable heating etfect above 60 ft The dotted temperature 
nights during three 
curves at the lett indicate that the air in the treetops was 
older than au at the same height between trees, in both the 
Bee u heated an nheated plots. This is due to the loss of heat 
ae by radiation to the sky from the relatively large treetop area 
ry Near the ground the situation is reversed because the soul | 
eae oT neath the trees is protected from sky radiation oy 
The unheated n Fig and nd t 
unhea curves in ips. | in ill cate tha 
the coldest aim in the orchard us tror 2 to ft above the 4 
ground, rather than the ground surface. 
rapidly to an equilibrium temperature enough colder than 
ey the surrounding air so that convective transfer from the aur 5 
| | 
folage because of the of the soil and the 
oe resulting flow of heat to the surface; this accounts tor the 


pr { surface te warmer than that a tew teet 
ground 
Efe Diflerent Heater For direct 
n of the ilts from various kinds of heaters, the 
ft, tree-center heating etfects for the individual 
were adjusted by proportion so that they would all 
the same tuel input to the plot QO gal of ol per 
equ lent a mt f CoKe 
shows curves of heatir effect in relation to tem 
et for the ditferent kinds of heaters tested 
mental points representing individual runs have 
ist it dittere rsions. The results from 
ghts were not used because of pernods with 
nsteady conditions dur the tests Of the 44 
in plotting these curves, only 4 were more than 
t above or below the curves as drawn 
rves of Fig 6 contrm tield experience that, regard 


kind of heater, the resp 


i inversions than tor 


mse for a given fuel input 
When the 
there appears to be little choice as to type 
at the small are detinite differ 
in etfectiveness. At 6 I tor example, the 
one per trees was only 
half as great as with coke heaters for the same heat input in 


the plot 


larger ones 


is large 


imversions there 
inversion 
ponse with Fugit heaters spaced 


Ot the bowl type heaters tested, the lazy-flame heaters 
the | 


were least etlective at small inversions, while the Jumbo 


Cone and in Exchange heaters appeared to be the best. If 
oft heating etfect are taken from Fig. 6 for the various 
heaters at a small inversion (8 F), it can be shown that the 


etfectiveness or response of the various heaters at this inver 
n the one-acre plot was in almost direct proportion to the 
Within the center 
large heated area there might not much 
between kinds heaters, but they should rank 


order of etfectiveness 


portion of 


Taking the extreme coke heaters with and 


it radiation shtelds, Fig. © indicates that, even at an 
mas large as 10 F, the shielded heaters (with practi 
idiant energy output) pave less than 40 per cent as 

a response as did the same heaters with shields removed 


radiant output). However, when the inversion was 


the res} 


onse with the shielded heaters was 65 per cent 
with the 


unshielded. ts 


as that probable that at 
would be little dif 


or without shields 


there 
ponse with 
nost the 
rises above 
radiant heat 


With a large 


inversion ts small, 


ses are held down within the 

t ement the ettect of radiant heat. Therefore 

the ers the re ad tage there 1s in 
with radiant tract 


Ved by operton 
me heat input 


pit weecente: t ground 
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HFATING OF ISOLATED ORCHARDS 
Five test runs were made with heated areas ranging in 
size from 7 to 28 acres. All of these tests were in orange 
orchards with trees about 15 ft in diameter and 15 ft high, 


planted on either 22x22 or 20x24-ft centers. In each case, 
the heaters were placed the tree rows with one heater per 
two trees within the orchard cases, however, only 
part the heaters were lighted 

trea at Riverside. During two nights when 
peratures about 35 F (not quite cold 
require protection), 15-acre square plot 
was heated, using all the heaters per acre within the 
During the last half the 4-hr heating period each 
night, the upwind border was increased from one heater per 
heater per tree. the other sides, the 
spacing of one per 2 trees was maintained. Most 
the heaters were equipped with 7-in Exchange stacks, and 
the average burning rate each night was gph per heater 


Thermocouples were placed the centers various 
trees along the middle row across the plot, 
ing various distances from the edge the heated 
area. The permanently instrumented plot used for one-acre 
studies served the unheated check station for these tests 
addition the tree-center temperatures, vertical tempera 
ture were measured the unheated plot and the 
center the heated area. Two captive ballons, operated 
simultaneously these two locations, were used obtain 
temperatures above the the thermocouples mounted 
on poles 


In some 


Acre 


minimum = ter were 


enoug actua 


trees to one 


regular 


Figs. and show vertical temperature profiles 300 
for the two nights. The difference between the heated and 
unheated hown the each graph and 
represents the heating response. For the night with 
inversion (Fig. 1), the graph indicates practically heating 
above ft; while the night with only 7.5 inver- 
sion (Fig. 2), there was definite response 100 but 
none that elevation. When the inversion is small, 
there less heating effect within the tree zone than with 
larger inversions, but heating extends higher elevation 
shown these graphs because the hot stack gases and 
warmed air rise more readily and must higher before their 
temperature reaches the same value that the surround 
ing air 


curves ts 


above 


Fig shows the variation tree-center heating 
across the heated area. The 20-ft air drift during 
these tests was mph and was consistently from east 


west (from left the graphs). The top graph 
contains two for the night with 7.5 and 
The tree-center responses throughout the heated 
area were per cent less the might with the small 
inversion. both cases, the heating etfects obtained 
the center portion the area were about large 

mally obtained general heating practice 


one tor 


as can 
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Fie Tree-center heating effects in the r row across a 1%-acre 
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the center portion ot 7 to 28-acre heated arcas 


During each the two runs, the heating the 
upwind edge was only about per cent great the 
center portion, gradually increasing toward the center the 
plot and then decreasing again beyond the center, although 
the side. Obviously the increase 
effect Trom the upwind edge toward the center due 
least part the progressive warmimg the natural air 
drift the incoming air past more and more heaters 

might expected that the heating etfect would con 
tinue increase this manner nearly the downwind edge 
the plot, but, indicated Fig this was not the 
case. The response gradually decreased the last 
rows and the downwind edge was only per cent 
great the center When sensitive wind vane 
was placed the downwind edge about above the 
orchard this height, against the prevailing 

Some indication the vertical depth this indraft may 
obtained from results for few one-acre runs when 
vertical temperature profiles were measured the second 
tree row from the downwind edge, well the center 
the plot. Composite results for nights whose average 
inversion was show that, throughout the lower 
elevation, the heating etfect the downwind edge was about 
15 per cent less than at the center of the plot; while above 
there was between the two locations. Six 
other nights with average inversion had per 
cent less heating effect near the downwind edge the lower 

Thus for orchard, the rising stack gases and 
heated air apparently create updraft which draws cold 
air from sides the plot, least the prevailing 
natural drift small. Reduced reradiation from the over 
head heated gases and from the trees near the edges the 
heated area may also contribute the lesser response. Regard- 
less the cause the reduced heating effect, evident 
that extra border heaters are needed all sides 
isolated orchard, although greatest numbers the upwind 
side 

The bottom graph Fig. indicates that when the num- 
ber heaters the upwind border was doubled (to one 
heater per tree), the response increased about per cent 
the edge, and lesser amounts throughout the upwind 
rows. tests were run with heavier border con 
centrations with extra heaters the downwind side 
borders 

Heated Area. night when intensive gen- 
eral heating was necessary the Tulare citrus district (cen- 
tral California), portable test equipment was set and 
7-acre heated tract which was part larger 
inheated orchard. Temperatures were measured only the 
center the heated area and the upwind unheated area 
captive balloon was operated the heated station 

Within the plot, lazy-flame heaters were spaced one per 
two trees (45 heaters per acre), while all four sides 


the heated area the spacing border heaters was one per 


tree. Starting at 11:30 p.m., all of the border heaters and 
every other row of the heaters within the plot were lighted 
At abou ider of the heaters were lighted, 
and heating c 1 During the tirst 
heating period, the average response was 41 F, while with 


all heaters burning, it was 8.8 F. The 


n. the 


iverage burning rate 


was 0.7 gph and the temperature inversion was 
The average vertical temperature protiles obtained beiween 
3:00 and 6:00 am. were similar in shape to the ones for 


the Riverside run with similar inversto 1), but with 
temperatures 12 to 14 F colder at all heights up to the 300-ft 
limit the reading. There was indicated heating 
above 100 and very little above 

Tuwenty-E:ight-Acre Heated Area. Two runs were made 
orange orchard near West Covina (Los Angeles 
County) nights when moderate general tiring was 
required. The terrain location very flat, since the 
orchard 1s located on the floor of a valley. Even so, the aver 
age 20-ft wind velocity during the two nights was 
mph. one the two nights, this orchard was heated 
from 1:30 8:00 a.m., using only every fourth row 
heaters (11 per acre). During the second night the same 
heaters were lighted about 1:00 a.m., but additional heat 
ers were lighted a.m. and 6:30 
heaters per acre. Lazy-flame heaters were used, with 
average burning rate 0.5 gph during each night 


, to give a total 


The average inversion was the first mght and 
the second. Vertical temperature protiles (not 
indicated response above 100 either night. The aver 
age tree-center heating etfects the center portion the 
orchard were little more than when one-fourth the 
heaters were use, and about 1.9 when half the heaters 
were burning. Tree-center temperatures during both the 
nights indicated that, when only every fourth row heaters 
was burning, trees the three cold rows each had about 
per cent less response (0.3 less) than trees row con 
taining lighted heaters 

When only every fourth row heaters was burning, 
the response near the edge the orchard was nearly 
great the center. the number heaters was 
creased, the between the center response and that 
near the edge increased, perhaps because additional indraft 
caused the stronger orchard stack action with more heaters 

Relation Response Size Heated The ettect 
temperature inversion upon fuel requirements per degree 
response the centers the 7-acre, and 28-acre 
orchards shown Fig. The fuel inputs gallons per 
hour per acre were based upon the average heater spacing 
withing the plot, without regard to border heaters. Where the 
number heaters used per acre was changed during 
particular run, separate points were plotted for each period 

Although the actual fuel inputs for runs varied 
from gph per acre, and the plots were three 
different localities with sizes ranging from 7 to 28 acres, the 
results fit single curve rather closely. This indicates that 
the center portion heated area, beyond the influence 
of border conditions, the response is relatively independent 
the size the area heated. The curve indicates con 
siderable increase fuel requirements the inversion 
creases For example, the fuel requirements 

tests with the 15-acre plot (Fig. the reduced response 
due border effects extended rows from the 
edge. The response was practically constant throughout the 
center portion of the orchard and was about as large as ts 
normally expected even in mass heating. Thus, although 
the largest heated area involved these tests was acres, 
it is probable that the fuel requirements indicated by Fig. 8 
would apply larger areas reasonably flat terrain. This 
curve should not, however, used for areas less than 
acres, the reduced response due border effects 
likely extend the center areas smaller than this 
limit. 

Regardless the size heated area, the fuel requirements 
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Dew-Point Moisture Indicator 


Mir M BE 


N WARM id climates molds and insects ca 


oration and ss of vast quantities of grains cans and 
shower that id 
i with, but ts the 
1 deterioration 
10, 11, 1 
hat the ability t 


associated with 


the 


well as a easure of 
For the grains and 
he: een studied, it has been reported that a 
rel per cent will result devel 
a is necessary, and tor storaye periods t 
nu relative humidity below 65 per cent 1s 
necessary control all the important damage-producing molds 
(12 A relative humidity condition in the region of 35 per 
cent or below wall practically prevent develoy ment of most 
insects found in storage (4,8 
There is very good evidence on the basis of these stud 
that a common measure of the condition of any dred teed 
stuff for storage is the value of the relative humidity of the 
interstitial air in equilibrium with the morzsture 
ing in the dried material 
The relationships between the moisture content and the 


relative humidity of the surrounding air under equilibrium 
aterials (1 14, 15). Fig 1 shows such 


range of room 


conditions have been 


portant hygroscopic 


tion of the grain temperature over the normal 


temperatures has little ettect on the corresponding values otf 
the grain moisture and air relative humidity 
This paper was apy tor publication Publications Con 
ttee, Inter-An in Institute Agricultural Sciences, as Paper N 
i. pay AAS a published Spa 
The aut Norton CI ead, ag ltural eng ring dept 
Inter-Amer Instit Aur tural S« es, Turrialba, Costa Ri 
ACK NOW Gs author wishe uh xe t ever 
suggest by V. Huk and the helpful cr 1 
rau ent t ASAE Committee Instrur tat 
( tre er the cha hip of Waldo H. Klhiever 
24°C ORY BULB 
A } | EQUMIBRIUM MOISTURE CONTENT 


Norton Ives 


as 
ASA} 
Also plotted in Fig. lis a curve showing dew Pp t depres 
sion tor a dry-t temperature of 24(C, versus relative | 
lity, which relat Ships are not attected by changes in the 
if Also it sot ippens that ver a 
nor eratures e dry 
ettect « values 
tt » and So for 
pe Variations atures 
be 
It is apparent then that nature | ivement 
relationships which ike it possil omsture 
condition of a grain-ar of taking 
easurements with an ordinary thert 
This paper describes low and easy 
ind simple to operate tor measuring the dew-point 
t » temperature of an enclosed grain-air mixture, 
vy the relative | idity of the interstitial or ambient air of 
the grair It is suitable for a large vanety of materials 
grains, t hays, teeds, tbers, wood, etc in the hygr 
scopic morsture range, but its use will be described for whole 


kernel grains or beans in the d 


iscussion Which tollows. Dexter 


(4, 5, ¢ ind other workers have reported on various other i 
techniques employing certain of these basic relationships to | 
fetermine grain and other aterial moisture conditions 
The apparatus 1s essentially a dew-point hygrometer adapt i 
for operation closed The essential parts 
tester are listed and shown in Fig. 2 } 


OPERATION 
The procedure to | 


The following procedures, wit 


Table 


¢ tollowed depends somewhat 


accuracy desired 


tive results shown in 1 and discussed unc ACK 


have been used with a handmade dew-point hygrometer 
and a two-quart, wide-mouth glass fruit jar 
A 
© 


- 


- 
i 
/ 

a 


the 
h represen i 


racy, 


al 
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pan 
| 
deve 
Pr 
dar 
Chae 1 1 to develop on dried cereals and legumes at normal ter 
. 
dependent upon the relative humidity of MBE interstitial air. It 
the relative the interstitial air such 
SE is a key tactor that determines the ability of molds to develop 
y 
y « 
=) — 
ry 
-|- 
j ; Fis Essent parts of dew 4 t tester ringe and bladder tr 
} only sirable when a series of readings are to be ma insulat 
‘ pert: + mate t sample ir tw iart, wider th «la truit jar 
| xlass-ster xe ermometer &) refrigerant ntainer er 
ng bond, (12) chromrum-plated ndensing surface (well cleaned and 
PERCENT RELATIVE HUMIDITY ' 
polished 14 lhamond-shaped, treated area (inv bie betor 
igi Fig Curves showing i) equilibrium moisture mtent tor she | satior 14) metal tube yoke for mechanically tastening retrigerant 
corn at 25C and point depression tor a drv-bulb temperature tainer ter container 5) aspirating air-metering orrfice xauge 
t hypodern needie tor acetor 
| 


(,RAI AL DEW POINT I RESSION or storage, a dew-point depres 
! sion o be safe, but with little margin 

62 may for long-time storage. Grains dried 

tol will have good resistance to wee 

vil 1 in warm, humid climates. Such 


development due to morsture regain in humid regions 
j Table 1 pives the monsture ontents which correspond to these 
lew point depression values for some of the common grains 


RACY 


high accuracy In its present torm, how 


to ditterent sources of errors, the most 1 


appear to be the tollowing, listed in their 


— io e of the ha hiectives in the { le, this is the great 
ple and versat To estimate the ible ide of this 
the probal t temperature of atmospheric air should 

‘ aks arr to certain procedures an nv error wall tend to vary directly as the 
‘ ditference between the degrees atmospheric 
| — ce levrees yrain-air depression, and the 


iStrative of the 


| F etwee re ent { relat necessary if the 
shelled ind relat {it ind dew “rain Samples are lett tor several hours overnight, fe 

tor af ro and wWater-vapor are ample in tightly closed containers and then the dew-point 
| \ ready nt ed. these relatronshtups apparatus inserted quickly i tew nutes before the measure 


Unifor 


x 
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IBKIE M MOUSTURE CONTENTS FOR SOME sion shows the yrain-air muisture condition at the critical 
Theoretically appears that such instrument may have 
l order of mmportar 
ties for preater accuracy or better control sual order of importance 
1p Conditiar Bert n th 1 nd the 
end’ elves to the reader as the operation of thi d r and the 
“sg 
| ed iar with t apparatus direction toward the atmospheric air reading. Thus, 1f a quick 
77 ue the h the liquid tive | idity atmospheric air, for example, and if the reading 
R ed til lensation is less than the critical or desired value, it is sure that the 
surface. seen through the grain is too damp, that 1s. any error would indicate the grain 
The Herence hetween these tw to be drier than it actually is 
the ev re evrees depressor Continuous ing of the yrain an ur tor a tew minutes 
 . will greatly decrease the time necessary to bring this error to eee 
f INTERPRE i desired Table 2 gives data 
Thee 
a that the ce t press tselt iy be used ment 1s made fs, 
TAKLI PY PIC AI PREORMANCE DATA OF EXPERIMENTAL DEW POINT TESTER 
q 
Raye 
! 
\ 
= 
t ‘ 
2 
4 
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ter peratures of grain and container, mixing the grain, and 


protecting the container trom exterior temperature variations 
such as caused by the hands or breath, will prevent undue 


temperature gradients trom developing in the 


ger 


several consecutive readit are to be made and high accuracy 


is desired. As shown in Table 2, several consecutive readings 
have been made with this aj paratus with grain temperature 


changes of only a few tenths of a degree 

Special necessary measure grain temperatures 
accurately with an ordinary glass thermometer. The ther 
mometer should brought the estimated temperature 
© the grain, and the grain should 
be well mixed before the tinal temperature is read. When 
readit 1/10 deg, read: 
that not change, with the grain mixed atter every reading 
may sately assumed give the true temperature the 
grain to within plus or minus 1/10-deg accuracy. Accurate 
dew pont temperatures, aside trom the original design of the 
instrument, depend 


the grain betore insertion 


to the nearest 


one minute apart 


yon good control of the aspirat au 


and quick detection of initial condensation. The first is co 
trolled by the degree of bladder inflation and/or by partially 
pinching the rubber 
cooling 
ture after torr 


Replacing the c 


¢. Much time generally can be saved 


ly the first time down and noting the tempera 


on of an easily detected tlm of condensation 


ld retrigerant with war refrigerant ikes 


possible any desired number of redeterminations. For damp 
grains warm water may be used to advantage tor flushing to 


warm the unit 5C or more above the dew-point temperature 

For accurate readings the polished chromium condensing 
surface must be free of any hy 
portion of the apy 
thin wax from polishing cloth, 


while completely invisible at temperatures considerably above 


groscopic material; im tact, any 


saratus exposed to the enclosed air must be 


the dew point, will usually whiten at temperatures near to but 
shghtly above the dew point. This makes accurate reading 
very difficult. Soft paper tissue or trayed linen can be used 
for polishing, cotton often leaves an undesirable tlm. Various 
surface treatments have been tried to provide quickly visible 
contrast at initial condensation. The best discovered so far 1s 
a geometrical design, such as a diamond-shaped tigure about 
four millimeters across, placed on the acetone-cleaned, con 
densing surface by cutting the diamond out of a piece of cel 

lulose tape used as a mask, and then applying a layer of Duco 
household cement on the exposed 
letting thoroughly dry ret 
diamond-shaped area, 1t kept properly cleaned, will “whiten 

at or very near to the initial point of Condensation in contrast 
to the surrounding area. This makes for quick, easy detection 
If dimmed by polishing with acetone, it can be renewed easily 


diamond-shaped surface, 


oving and polishing. This 


The temperature gradient between the thermometer and 
condensing surface for the expermmental model (chromium 


plated, steel), measured with tine wire thermo 
couples, was approximately 0.2, 0.4, and 0.60 C for 5, 10, and 
19 © dew-point depressions, respectively. Checking the entire 
apparatus with a constant-humidity sodiun chloride solution 
at 24, the depression, reading varied between 4.8 and 4.9 ¢ 
by the thermometer. This indicated substantially the same 
error due temperature gradient the tine wire 
couple. Thus for this instrument the corrected reading tor a 
10-deg measured depression would be 9.6 ¢ 

4 Gradient With thorough mixing of the 
grain, this type of ent will tend to measure the mean 
value of moisture in the grain-air mixture. The actual transter 
moisture between the grain and air obtain equilibriu 
conditions is indeed small, while the amount taken from the 
air to form a detectable condensate film 1s much smaller. For 
example, the ratio of water in d 
stitial air (around 0.4 by volume of the space) 1s in the order 
17,000 while the subtraction moisture from the 
on the apparatus would lower the dew-point temperature in 
the order 1/100 C, if no replenishment from the grain occurred 


ry grain to that in the inter 


CALIBRATION 


As pointed out in the previous discussion, this type of 
tester does not require calibration for the various grams, un 


idea is desired as to t 
This intormation as 


tor most of the ¢ IS aS BIVeN IN part in 

absolute calibraty ¢ instr ent may be 

Tee shed by use of constant humidity salt solutuons. Care 
should be exercised here t yrevent any part of the s tron 


torming on a surtace above the liquid level. If allowed on the 
ooled surtaces of the hygrometer, it may introduce error due 
to changed vapor pressure of part of the liquid within. the 
mntainer 
St MMARY 


1 Various investig have indiated that lds are 


i Causative avent tor grain, bean and other teed 
ing stuff determoration and that mold development at normal 


relative humidity of the 


temperatures is de 
interseed aur 


2) The dew-poimnt depression directly indicates the relative 
humidity of a given water-vapor condition an air and 
Water Vapor muxture 

3 Theretore, “degrees depression” can directly give the 


momsture conditi 


vain the hygroscopic moisture range of a 
grain-air of other material mixture 
A simple, homemade dew-point moisture indicator 1s 
lescribed some typical performance data tor this simple 
type of instrument are given 
Experience with this instrument ‘to date indicates that it 
should tind good use in the hands of laymen as a grain mots 
ition indicator, Tt is belreved that accuracy in tield 
¢ held easily to within b-deg depression, or it 
the samples are placed in containers overmght betore being 


usage 


read, accuracy can held within deg. the storage 


moisture range, this 1s less than 1, per cent of grain monsture 


content, With refinement and proper control, this type of 


instrument may give high accuracy for experimental work in 
a laboratory 
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Automatic Controls for Poultry Laying Battery 


Stanley 


Member ASAF 


HIS paper report ercial engineering research — vertical, bucket-type elevator capable of discharging the feed 
ind deve ent project. the a ot which was to pre at any one of several levels. Watering is done by drinking 
overhead farr cups located so that birds in two adjacent cages can drink 
verhead ta 

ech from the same cuy 


t t ra t re < nu 
CONVEYOR BELT OPERATION AND 
i red wm the care pe by the use of electric 
single motor used drive all the con 
| Acr af ute it contrais 
 veyor belts in a particular category feeding, egg collecting, 
To facilitate stud the pr s involved, a model 
droppings removal. Fig. shows how mechanical power 
i tter WAS ¢ ructed in which the hens could be 
transmitted from the drive motor 265 the conveyor belt 
kept iividual caves at ditterent levels and in ditterent 
. levels above and also to the cross conveyor It 223. Clutches 
ertial prouy With this arrangement, the feeding, watering 
are located sheave positions 275, and 278 
The cross conveyor belt serves two functions. acts 
transport material discharged trom any all the local con 
veyor belts above, point the far side the battery. 
herem ittention would be required tor a week or 
the same time, drives speed reducers located below other 
vertical groups of local conveyor belts (B,C and D, Fig. 1) 
GENERAL DESIGN These latter speed reducers act the same way the second 
battery has conventional cages which drive the clutches the local con 
¢ toward the tront to fac tate the rolhir out of 
ace phout for ving the The clutch that was developed 
teed, and droppings locally the various levels. conveyor belt movement designed with parts that 
Cross movement materials for assembly assembled make the sheave either the driving the 
tory, transverse conveyor belts are employed. Figs. driven element. addition, the parts may reassembled 
show the arrangement the belts they are post rotation, the use larger diameter 
the expansion the conveyor-belt battery can mechanisms located any 
both horizontally and The four horizontal quadrants around the clutch. light-duty 
endent used engage the clutch 
All-purpose, dry mash feed is delivered on conveyor belts Selective Belt Motrement. To move a local conveyor belt 
etween the backs each two rows cages. Feed elevation and independently all other belts the sam 
to the ditterent conveyor belts is accomplished by means of a a 


Egg-collection level #3 


Egg-collection level @2 > 


itch is secured to 


element 


> 
7 
bis Hi t power tran ¢ celts arranue Fix 2) Detail ot power train to vertical conveyor belt group. Automatic 
\ sto: Fre R rs at positions B, ¢ 278 At sheave posit 2 iriving element of 
rollers the show Fig. lutch secured the respective sheaves 
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category, the drive motor 1s started thereby causing the cross 
conveyor belt 223 (or 86) move. actuating the speed 


ducer clutch the bottom the group which the particular 


belt located, the sheaves all the local clutches above are 
made to rotate in an idling condition. The actuating of the 
clutch tor the particular belt then etfects the desired movement 


FEEDING 


anism transports the teed trom 


A vertical bucket-type elevator mech 
a hopper at the bottom of the 
unit the various discharge levels. Feed entering the hop 
per gravity the storage bin accumulates near the 
ward section the hopper that each bucket, scoops 
up a load of feed, exerts a lifting action on the supply and 
does not tend to pack it down into the bottom of the hopper 


Selective Discharge and Conveyance. When the feed 
the feed conveyor belt particular level replen 
ished, the belt commences move away from the feed eleva 
tor the same time that the elevator buckets start move 
upwards and trip and unload the same and 
4). Excess feed that may have remained the belt from 
previous feeding discharged into teed-return chute the 
far end the battery. From here falls onto 
conveyor beit the bottom the battery where delivered 
back into the feed supply hopper from which the feed was 
originally elevated the elevator buckets 

When elevator bucket discharges particular level, 
strikes the edge teed-unloading hopper 136 (Fig. 
The feed falls into the hopper and prevented from scatter 
ing off the belt the sides the hopper and curtain. The 
hopper sides are sloped such angle that the feed 
moves out the conveyor belt does uniform man 
ner. Feed pushed off conveyor belt the feeding hens 
directed onto conveyor belt the next lower level 


Bucket Repositioning. Atter elevator bucket tripped, 
Continues upward and travels around the top sheave the 
elevator. the bucket passes around the sheave, reaches 
point where falls back into its latched position 


WATERING 
Cup Design and Arrangement 
conical shape and are arranged 
each level are located directly 
cups the other levels 
Flushing. When fairly 
large amount water flows 
into each the top-level cups, 
the attached goosenecks 
come siphons. Water and 


Drinking cups are 


| 
bergen 


2 


} 


4 
4 
4 
4 
4 
4 


Fie. Vertically rising feed bucket in dumped 
position. This shows Detail D of teeder at a time 

y when teed bucket 143 has just been tripped by 

= J solenoid tripping pin 164. Bucket V belt 142 1s 
y moving slowly upward so that bucket 143 will 


136, and against belt 142 


mre, a noid of tapping pin 164 1s energized, pin 163 1s 
bs 70 

y in position shown 

the shoulder of pin 164 rests against meht side ot 

le if 
‘ solenoid Trame 
Fig 3 Vertically rising teed 


bucket in latched position 


soon fall free of the lip of teed-unloading hopper 
Buckets relatch when 


passing over top sheave of elevator 


When solenoid is de-energized 


into the 


bris are sucked out of the top cups and discharged 


cups below. The dushing act repeats itself through all the 
waste water 
This chain 


flows 


ups If h tical zg i ts in all tt 
cups in each vertical pre } ana resultS in ali the 


eventually being emptied into a common drainpipe 


reaction flushing continues as long as suthcient water 
into the top cups 
Filing. the cups, small amount water 


directed into the top-level cups and 1s controlled by valves 194 
After the 
water has these cups, trickles through the goosenecks 
into the cups below. This process is repeated at the lower 
levels for all the cups in each vertical group. When the bot 
tom cups have been filled, the spill down into the 
drainpipe. At this time, the supply to the top cup is cut off 


so that it is not flowing at a rate to cause flushing 


FOG, COLLECTION 


conventional laying batteries, the 
sloping floor the cages designed the rolling 
out the eggs after they are layed. Experience seems show 
that does not stay inside cage tor very long because 
hen, her attempts set, moves around and helps 
roll out 

Local intervals, each egg-collection 
conveyor belt starts up and moves the eggs on it to the far 
end where they fall directly onto the cross conveyor belt 
into opening the egg-lowering When one belt 
has been cleared, stops and the belt the next level starts 
up. For each period, all belts the battery 
are cleared the same sequence 


Egg collected trom cages above the first 
level are lowered the cross-collection conveyor 
means sponge-rubber lined zigzag egg chute. Openings 
into the chute are made each egg collection level and all 
local collection belts one vertical group discharge onto the 
same spot the cross-collection conveyor belt. This type 
chute lowers the eggs rapidly and quietly and has proven 
quite satisfactory in actual operation 

Grading the tar end the 
conveyor belt, the eggs fall onto a padded platform and are 
slowly drawn over the trays the egg-weighing mechanism 


ie} 


sole 


When 


4 
ng 
“a2 
‘ 
o 
“ 
¥ 
ae | 
- 4 
| 
1} 


t 
mithe 

the we 


he « he tra to its weight, it 
t he t t the 
th radet ta t eof 
rere { the « re I hese art 
tye The tloor of each c 
' fa t r belt ha the same width as 
rtment All five repositor eyor belts ve 
ay tr the prader dur the time the ¢ Collec 
{ t An ¢ t to the torward 
ire tory « part t ried slowly back until 
ts the back wall of the « irtment fr another ¢py 
the compartment. Here the « slips and rolls on 
til the ews ection syste s shut wo or until 
re ed by hand 
” Recordi Two electric Counters for each cage 
{to record an individual hens production, One counter 
the number of jumbo, extra large and large eggs pro 
ver a period of time while the other counter records 
| ind small eggs produced over the same period of 


tulizing Counters give the two counts for all the cages 
ittery. With a ditterent relay and more electric count 
production of a hen could be recorded for all tive of 


DROPPINGS REMOVAI 


n A wide conveyor belt extending the length 


ittery under each row is used to move the droppings 

leve A cross inctions to collect 

ed terial trom | il gro p of local 

to trar te or point 
it le of the battery 


e premise that the material can be satistactorly dried 
transporte state atter leaving the local 
evor belts room temperature is assumed 
for the drying the second stage 
Alth h not included the pilot model battery design 
circulation of the drying au might easily be added 
Scraping and I rong. As the dred material is carried 
on the belt, over the end roller, it strikes a belt-wide blade 
which scrapes it from the belt. The loosened maternal is 


y y 
. . 
f= 
= 4 u a 0 
t v 
group watering Main sol 
reized sta iret 
‘ perated, fil 
we a t flaw t altered t 
water 1 il lea 
tact point of tr er contacts tor 
claves N at t t transter 
switch, Ne miact t r sw 
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tunneled into dropy collection chute where falls onto 


The chute is designed 
height. Unlike the local 


t 4 w its ext to any 
exy-coll r belts are entirely cleared with 
operation, the droppings-removal yor belts are 


each day through space equal approximately three 


quarters of a cage width. This procedure allows the droppings 
fairly well distributed over the belt and partially 
dried before reaching the end of the battery 

suitable time after the droppings-removal belts have 
the driers are operated sequence over the end 
belts. Each drier turned and otf the 


settings the 


€ 
sections of t 


timer, and no two driers function at 
the same time 


PROGRAM TIMER 

program timer, manufactured the 
Zenith Electric Co., serves the heart the electrical con 
trol syster This timer is capable of delivering an impulse to 
its signal circuit at any five-minute interval. In one day, 
can energize this circuit total 288 times. The 
signal-circuit the action which the various con 
trol devices the pilot battery are initially energized. Since 


each delivered for only about min, limit switches 


and locking-release control circuits are needed maintain the 
power many the devices after the signal from 
the program timer has been interrupted 


TRANSFER SWITCH 


The Autdelay transfer switch ts the device that routes the 


signal-circuit impulse from the prograr 


dent contro 


er to an indepen 
echanisms, in the de 
sired sequence. For example, let assume that one the 
operating times for the lowest feed belt in a vertical group 1s 
5:00 p.t At this time, a signal-circuit impulse is delivered by 
the program timer and is routed through one of the contact 
points the transfer switch, the circuit that controls the 
teed-elevator motor, the bucket-tripping mechanism and the 
conveyor-belt clutch for the lowest level. The feed 
buckets dump this level and the conveyor belt 
carnes the feed out and away from the After about 


nechanism or group of 1 


the signal-circuit impulse interrupted the timer, 
but the discharge and conveyance feed continues the first 
level due the maintenance energization the locking- 
release control circuit. takes approximately 
completely fill the feed conveyor belt, the delivery process will 
continue for another that time, 
circuit impulse sent out the program timer. However, 
order to stop the delivery process, it 1s desired with this im 


pulse energize the locking-release page 110) 


aren 


mechanisms. A, B and C, teeder relavs levels ” 
respectively, D and M, watering relays tor banks Nos 1 and 2, respec 


teed solenoid tripe 


tor Nos. 3, 2 and 1. N and P, soler i flushing valves 

tor ks Nos. | and 2. Q, main solenoid valve for water 

sup leads: 1, to transter switch contact and to feed-motor 

controller operating coil, 2, 3, 4, 5, 6, and 8, to transter switch contact 
to hand-operated switch, 9 to ground connection 


4 
4 
bottor 
Slow 
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eeding and 
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Mid-Central Section Meets March ASAE Meetings Calendar 
HE Mid-Central Section of tt rian Sacrety t ltura 
February 16—MicHIGAN Section, Dearborn Motors Corp 
naineers will hold its yearly o on Saturday, March 8, in the B M 
rminghan 
new Town House in Kansas City The torenoon session will be 
devoted to the general subject of soil and water management and the March 8—Mip- Centeat Section, Town House, Kansas City 
afternoon session to the drying of tarn Tops Kans 
The torer program will open with showing of pix s ot th 
Si nsas flood turnist thror the courtes t Ss 
the courtesy the U.S. Army USDA, Washington 
Corps Engineers the Kansas City district. This will 
¥ 4 symposium on the 1951 flood with subjects and speakers as tol March 21—Onto Section, Ives Hall, Ohio State University 
lows Storm intensities and patterns, by Vern Alexander, U.S. Weather Columbus 
the basins. b ‘ t of ths 
Bureau urtace rr ¢ basins, by a representative of the U.S April 4 and S—VirGinia SecTION, Natural Bridge Hotel 
Geological Survey watershed programs in relation to 1951 flood dam Natural Bridge. Va 
age, by Kirk Sandall, U.S. Soil Conservation Service, and tuture 
grams based on recent flood flows, by a representative of the Arn April 10 and 11—PrNNsyil VANIA SECTION, Agricultural Engi 
Corps of Engineers in the Kansas City district. The closing number on neering Bldg, Pennsylvania State College, State Collexe 
the torenoon program will be on the subject of making machines and April 11 and 12—Soutrnwest Section, Grim Hotel, Tex 
terrace systems more compatible, by J. F. Schrunk, University of Nebraska arkana, Tex 
The business meeting of the Section will toflow the technical pre n . 
The atternoon session will open with an ress by the Presi ot Sloween Ale 
ho Al: 
ASAE, Stanley Madill, executive engineer, John Deere Waterloo Tractor 
; This will tollowed by a panel discussion on the harvesting June 16-18—45TH ANNUAL MeretinG, Hotel Muehlebact 
and drying of high-moisture corn, wheat and legumes. M. F. Arms Kansas City, Mo 
University of Nebraska, and G. EF. Fairbanks, Kansas State College, will December 15-17—WINTER MEETING. Edgewater Beach Hotel 
discuss the subject of harvesting, F. C. Fenton, Kansas State College Chicago, Hl 
and G. M. Petersen, University of Nebraska, will report on the results a 
Mie Note: Information on the above meetings. including 
ot drving research, and J. G. Andros, Butler Mtg Co, and Ray Arnd copies of programs, etc, will be sent on request to 
Habeo Mfg. Co, will discuss new equipment for crop drying ASAE, St. Joseph, Michigan 
The meeting will close with a report and discussion on progress on 
arrangements for the ASAF annual meeting to be held in Kansas ¢ 
ne 16 to 18 of this year In December, 1 two agruultural engineering staff member 
the examination given the State Board for Archi 
ane Seitz, head ot the agricultural engineering members and yericultural engineering graduates passed the ex 
department, Virginia Polytechnic Institute, that the curriculum amination This makes a total of X tural enwineering staff 
there in agricultural engineering has been approved by ECPD members who are now reuistered professional engineers 
A curriculum im agricultural engineering leading to the degree ot A new agr ltural eng ering t ling wa pleted at VPI in 
bachelor of science 1 engineering, was first offered at VPI 1938. This building now provides space tor Assy sboratorn 
in 1913. In 1920 a de agricultural engineering was organ and othces and contains $1 sq tt of floor space 7 three d 
ved. At that time the state colleges had protessional cur of teaching, research, and extensx ume a f ited tt ‘ 
riculums in agricultural engineering. VPI was the first college east 
of the Mississipp: to offer such a curriculum. The VPI agricultural . . one 
engineering department has had a healthy growth, trom five staff mem Alabama Ag Engineers Tour I lants 
bers in 1922, the staff has grown to 43 active or athliate members at TOTAL of 71 members and ¢ Sect tt 
the beginning of 1952. Until 1949, the curriculum was administered American Society of Agricult i the Sections 
by the dean of agriculture, but beginning with the 1949-50. session tall meeting, December and &, b The program 
it was placed under the joint administration of the dean of engineering ot the meeting included three tours and two papers and was climaxed 
and the dean ot with dexrees granted in the engineering by an inspirational address by Congressman Albert Rains ot the fitth 
college congressional district ot Alabama 
The tours included the modern steam generating plant of the Ala 
bama Power Co, the Gadsden Works ot the Allis Chalmers Mtge ¢ 
and the tire, tube and shoe sole { Grow Tire & RK 
. 
This is the agricultural engineering building at Virginia Polytechnic In this picture are shown Section officers and guest speaker at the ASAE 
Institute. It has about 51,000 square feet of floor space and provides Alabama Section meeting, December 7 and & (Left to right: J. L. Butt 
classrooms. laboratories and offices In the rear and adjoining it is a C. A. Rollo, and M. B. Penn, secretary, vice-chairman, and chairman 
one-story structure that houses the research laboratory, the farm ma- respectively, Alabama Section, Congressman Albert Rains, dinner speak 
chinery laboratory. and the farm shop er, and Harold Schudt, master of ceremonies at Section dinner 
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STOW CASE HISTORY 


Front End Mower 
Manujactured by Krengel s 
Twin Falls, [dane 


FLEXIBLE SHAFTING 
SOLVES POWER TRANSMISSION 
BETTER! 


problem: provide means 


\ 
ot power transmission between 


| \ power take-off 


ment that would give maximum 


and mower attach 
vibration 
danger exposed rotating parts and 
costly and caused dirt, 
Stow Shafting so/res these 
problems transmits power 
smoothly, safely, 
Put Stow work 
your problems today! 

Stow Flexible Shafting Bulletin and 
Torque Calculator. 


MANUFACTURIN 


BINGHAMTON, 


Inc 


the progra ed a supple 
r, Soul r Ne US Dey f Ap 
t ‘ c A I I t a talk 
t a far mnie “it vest i a rvmart 
R 
In t adcre at the Sectu linner December Congressma 
k tressed the challenwes ta x ager tural engineers | the cde 
‘ the growing dema r food a Harold Sct 
ere ‘ he S er 
thice ha it x eeting ot the Alabama 
he at Gult Shore Alabar May 16 and 17, wit 
hea arter t Gult Breeze I 


Owen New Chairman Hawaii Section 


Research Institute, was elected the new chairman ot the Hawan 


Se the in Socrety ot Agricultural Engineers at the Sec 
thon mee x cember 12) Warren Gibson, agricultural engineer 
Pwa Plantation Ce was clected the new vice-chairman of the Section 
ind Lawrence W Larson, assistant agricultural engineer, Hawai Agr 
‘ Experiment Stat was elect the new secretary-treasurer 


In addition to the business meetir including the election of oth 


rs, the meeting was addressed by Ward Deffenbaugh and Irvin §$ 


presentatives of the s and service engineering divisions ot 
International Harvester Ce Detfenbaugh discussed recent 
improvements on the engine and transmission of the 
track type tractors, and those present indicated muct 
ript Of Propose purpose mover tor 
‘ such as ecarthmoving 
In | talk, Mr Strand dealt 


thern Caltornia 


was invaluable in getting 


rescarch and extension agri 


A! THE | hes meeting of the Washingtor Section ot the 
Amerman Society ot Agrecultural Engineers on January 11, Dr 


Ross Fo Moore, assistant director, Othce ot Foren Agricultural Rela 


trons, USDA, told how the services of agricultural engineers are being 
tilize the Point I Progran Following a bret review ot ats 
ofr i cve pe a t nted « t that the ma work of the Pre 

‘ ta nder the nual Cooperative Administration (TCA 
at three major rons — Far bast, Near Fast, and Westert 
Hemisphere, a that TCA ts responsible tor var S programs, provid 
4 the he ‘ health educat ana 


The outstanding newspaper, radio and television coverage of the ASAE 
winter meeting at Chicago in December was due largely to the efforts of 
the three men at the left in this picture: Chas. E. Ball. agricultural 
engineer, Farm and Ranch Southern Agriculturist and Arnold R 
Daum and Joseph Miller. department of information, American Petro 
pum Institute At the right are Richard P Walker. president, National 
Council of ASAE Student Branches. and ASAE President Stanley Madill 
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Calitornia’s cotton acreage 1s now picked by machine 
Dr. Ross Moore Discusses Point Program 


report you about men and machines 
that help maintain International Harvester Leadership 


How McCormick Planters 
Earn for Accuracy 


Corn Kernels Star Engineering Movies 

high-speed movie camera records every kernel move- 
ment corn passes through this glass-sided planter boot. 
When viewed slow motion, the film reveals “drop” 
characteristics that can vary the number kernels 
hill. These scientific studies help make possible the 
eye accuracy McCormick planters. 


Every Seed Plate Pass Tough Exam 


planter can more accurate than its seed plates. 
why inspectors gauge the center hole 
diameter every plate. They also make sure plate thick- 
ness doesn’t vary from standards. Ten additional visual 
inspections also help the seed metering ac- 
curacy McCormick corn planter plates. 


Boot Valves are Timed for Accurate Cross Check 


Split-second timing required accurately check-plant 
120 hills corn minute. inspectors use the gauging 
device, above, time the opening boot valves with the 
movement the check fork. They also use this gauge for 
setting boot valves open simultaneously for easy- 
to-cultivate cross check. 
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Seed Test Gives Positive Proof Accuracy 


Corn planters, like this McCormick No. 240 two-row, are 
selected random from the assembly line and given 
planting test. They are set drop three kernels hill 
they must exactly three kernels percent 
the hills, pass this accuracy test. 


INTERNATIONAL HARVESTER 


International Horvester products pay for themselves in use — McCormick Farm Equipment and Farmall Tractors... Motor 
Trucks .. Crawler Tractors and Power Units... Refrigerotors and Freezers—General Office, Chicago 1}, Minois. 


specihc activitie some © engineers a ad, I 
a) Moore 5 ted t thats t them wer re agr tura atur 
fe ne gz. H 
H i as | r ere 
A is al ave ta re 
ind water « resc h and 
I zt arks, Dr M out 1 when ena 
r ire sent whict P 
Prowr ric Ca x 
He px { ha x 1 in these 
itr enough, but that the people m find | r opr 


“Human Well-Being Through Engineered 


spray 


addition orders 1952 


> 


already book ed tor delis the heh standard of living arising tror 


ery, we will endeavor to produce for manufacturers of the [ ted States An r protessions, that of enwineeriu 


is 
pravir equipment the quantities of pumps shown sabi mbers only by teaching and nursing. In no other cou ; 
below, which includes both our standard such Furthermore, the dema 

t wh wn here will he reduced accordingly, The ¢ “ “ | 
herent to meet the demand tor Oherdorter spray tures | prepared tor distribut to tt hen ind colleges ot the 
ir \ cheduled wal thle prod ction Was ( sins as: 1 

heduled December. It vou expect to be shipped paxcant to nducted at t Mt 

order Maine Student Branch Active 

2 ip Maine Student Branch of ASAE at the University of Maine early 
in January paid dues tor 1952 tor 46 Student Members, represen 


ehaible students currently enroll 


er cent of the led in the 


aaricul 
eering curriculum 

Ottcers ot the Branch are Laurence Smart, Jr, president, David 
Beppler, vice-president, Rodney Martin, secretary, Henry Cyr, 
and Harry Potter, scribe Nathan H. Rich is taculty 
{ Frank W 


treasurer, 
adviser to the 
Peskert is head of the 


Branch at lepartment 


900 


Pump No. Price Pump No. Price Pump No. Price 
$13.25 $22.00 2000 $15.75 
— 17.50 7AN 22.50 3000 — 20.00 
JAN— 15.50 27.75 100 — 22.25 
20.50 23.75 7000 — 28.50 


Agricultural Pump Div., Oberdorfer Foundries, Inc. 
1422 Thompson Rd., Syracuse, 


ORFER 
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President 


executive engineer 


greets president 
Johr 


At the 
Deere Waterloo 


dent 


1951 ASAE winter meeting wit! 
National Council of ASAE St 
aur ultural engineering 


left 


Low 


ASAE 


ker. president 
hes and a seni 


siana State 
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President Stanley Madill 
Tractor We 
Richard P| Wa 


rks, conversing at the 


1951-52 


student it 
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NEW S SECT ION Continued from page 
»~ a rt the enginecring 
, to be celebrated ee 
r Mar! T. Comp 
“§ ; ton, chairman, Massachusetts Institute of Technology, when he said ace 
There surely a close relationship between the work of engineers and 
Pump Pipe 
No Size Feb. March April May June 
2AX 350 400 400 200 200 
4AX 1100 1400 700 700 900 


says HERMAN WINKLER, Indiana 


Here’s what Mr. Winkler says about steel buildings his dairy farm: 


‘About two years ago contracted for the erection steel building 
used implement shed Green Ridge registered Guernsey 
farm. The installation was satisfactory for the purpose because was 
obviously fireproof, verminproof, and will require minimum main- 
tenance. also ordered steel building recently when wished change 
dairy barn arrangement from typical stanchion barn tramp 
shed milking parlor layout. 

“The steel building which using for tramp shed 30’ 80’ 
enclosed three sides only and raised from the concrete slab 32”. The 
reasons which appealed the tool shed are the same for 
purchase the tramp shed. Steel appears the practical and 
modern building material—reasonable cost, safe and 

Check carefully, and you'll find that steel buildings are your best buy, 
whether you need cattle housing, machinery hay storage building 
all-purpose structure. 

Steel the strongest building material you can buy for your farm. 


% 


SEND THE COUPON 
FOR FURTHER INFORMATION 
Agricultural Extension Bureau 
United States Steel Company 
Room 4546 » Willam Penn Place 
Pittaburgh 30, Pa, 


Please send me free literature about steel 
farm buildings. Building will be used for 


Approximate size or capacity 
Send information to 


Name 
Address 


County State 


United States Steel Company is a steel pro. 
ducer, not a steel fabricator, Your request, 
therefore. will be sent to building manufactur 
ers who fabricate steel buildings for farm use. 


Galvanized Steel for Farm Buildings 


UNITED STATES STEEL COMPANY, PITTSBURGH 
AMERICAN STEEL & WIRE DIVISION, CLEVELAND 
TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA. 


4 E 
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COLUMBIA GENEVA STEEL DIVISION, SAN FRANCISCO 
UNITED STATES STEEL EXPORT COMPANY, NEW YORK 
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NECROLOGY 
T Horan. exte n ager tural engineer (BPISAE), U.S 
Department of Agriculture, passed away January 20, 1952, at his home 
Cherry Walk Farm, Bowie, Md He had ffered trom a heart condi 
{ ¢ time, especia et return trom the winter meeting 
e ASAI De Tt SS Was 
pt ted that s demise came <k to his many 
‘ He was t { at his boyhood itz Valley, Pa 


Iman, a son, 


He rvived by t widow, Mrs. Ellen McCarthy Hol 


a 


Mr Holman attended Carson Long Institute in Bloomfield, N. J., 


ot whi he was a trustee at the t of his death. He received his 
degree 1 acricultural engineering in 1922 from Pennsylvania State 
Collexe Following graduation he managed a large pla ron in South 
Carolina until 1927, when he joined the North Carolina Agricultural 


Extension Service as agricultural engineering specialist. In 1932 he 
entered the Bureau of Agricultural Engineering and was placed in 
charge of the engineering research carried on at the Bethany, Mo., soil 


conservation project. In 1945 he was transterred to the newly established 


Conservation Service. During this period he spent some time in 
» Rio, formulating a basic plan for soil conservation program 
In 1946 he returned to the Bureau of Agri 


she charge of the extension activities in agricu 


ltural Engineering to 
ural engineering. In 
this assignment Mr. Holman represented the Bureau in coordinating 


the work of the state agricultural engineering specialists with the fed 
eral extension service and was charged also with the responsibility of 
bringing new developments in research to the attention of the extension 
people and of keeping research engineers advised of the problems in 
engineering as they appeared to extension workers. Because of his 
sound basic traming, his extended experience with both research and 
extension activities, and because of his cooperativeness and sound jude 
ment, he made a contribution to agricultural engineering which will 
continue to bear fruit for many years to come. Over and above his 
professional attainments, Adam Holman had those qualities of heart 
and mind which endeared him to all those with whom he came in con 
tact’. Admired for his professional attainments, he was loved by all 
those who knew him intimately 


Jort Ro BENJAMIN, president, Water Management, Chagrin Falls, 
Ohiw, passed away in December of injuries received in an explosion at 
the plant of the Austin Powder Co. He was engaged in a research 
project there at the time of the accident 

Born at Waterloo, Ind, in 1890, he had studied at B. L. Phillips 
University in 1915, received an AB degree at Bethany College in 1917 
and an MA degree at the University of Kentucky in 1929. More re 
cently he had completed supplementary studies in the fields of wild life 
management and agricultural engineering at Ohio State University 
During the past several years he had operated a private contracting 


business specializing in the building of artificial lakes and streams 


dairy barns are profitable because they ordained minister the Disciples Christ denomination, 


lower teed and labor costs and result higher had served army chaplain during World War the time 

: * his passing he was a member and deacon of the Federated Church of 

weathe right in winter, verminproot and easy to clean Surviving are his wite, Dorothy, a teacher in the Newbury school 

at all times a son, Lieut Roger B. Ben;amin presently serving in Korea 


Moreover, concrete can't burn or decay. Its reason- Anxruer G. TYier, assistant professor of agricultural engineering 
the University of Minnesota until his retirement in 1950, passed 


" 
IIness 


able first cost and litetime service with minimum main- at : 
away October 26, 1951, after three months 


tenance add up to low annval cost. That's why thou- 


Born February 14, 1882, in Reed Citv, Mich. he received pre 
sands successtul are using not only paratory schooling Grand Rapids, school and completed 
his i ite work at Michigan State Colleee in 1910 with a 
tor but tor milk houses, feeding floors, barn- 
bachelor of science dexree in mechanical enaineering 
watering tanks and other improvements. Following graduation worked invarious engineering lines, includ 
ing dratting, machine bridge work railroad engineerit 
: H med the staff of the University « nesota im 1918 as an 
Free illustrated literature is available to assist agri- 
issistant professor im agricultural nx His research at the 
cultural engineers in helping farmers to bigger profits by University included rural rural sa n and water 
\ lv, heatine and hehting, hydro farm plants, farm buildin 
ventilation, wind power electric lighting plants and other rural, farm 
and many other profitable structures. Literature is distrib- and home conveniences 
t idition to his university classes, he ta and 
uted only the United States and Canada. 
au home conveniences to students at the f ol ot 
culture, finding time to do research along witl sche 


PORTLAND CEMENT ASSOCIATION 
Dept. 9-1, West Grand Ave., Chicago 10, Ill. 


He 1s survived by his wite and his mother, Mrs. Bertha Peck, both 


and concrete through scientific research and engineering field work 
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\ two other sons, Adam T Holman, Jr, w Army in Honolulu, 
de 
| 


LUBRI- 
CATION 


your 
problem 


joints are designed permit generous, long- 
lasting lubrication without disassembling. One through 
convenient oil plug hole the cross, fills the reservoir from 
which the lubricant forced all four bearings, equally. Another 


fills the slip-yoke chamber. Thoroughly efficient seals 


prevent leakage and keep out dirt and moisture. 


For Cars, Farm 
Machinery, industrial Equipment, Aircraft 
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Let our engineers show you how this 
friction-reducing feature, and several 


other MECHANICS advantages, will 


benefit yournew models. 


MECHANICS 
UNIVERSAL JOINT 
DIVISION 


Borg-Warner 
2046 Harrison Ave., Rockford, Ill. 


UNIVERSAL 


Baker, Jack Army Mai Box CaRisoN, NorMan Jk —Project engr., eng 


Applicants for Membership Navasota, Tex Co, 
4 In — r inst nd 
The persons iisted below have applied for Aipert J, Ja Asst. air installa 
admission to membership or for transfer of tions offmer, US) Air Force Mail) Hi Carpenter, Waiter FP —Agr ener, Sargent 
membership grade. im the American Soctety rest Apt A-2, Pineview St Shelbyville Roundy Corp., Randolph, Vr 
Agricultural Engineers Members of the I 
{ these applicants, should write the Secretary Biri anski, Warter—Student, Ontario Agricul Machine Tool Co, Rockford, Hl 
of the Boriety at once If there are no ob Cai > Int ne t P le 
jections. and if confidential statements furnish - Hewe, Guelph, Ont, Canada CAVANAUGH, JOHN P.—Box 38, Velva, N. D 
ed by their references are satisfactory. these Bianp, Hat —Asst. agr engr, South Car CHAPPEE W —Graduate student, 
applicants will be voted on by the Council 
1062 lina Agr Exp Sta, Clemson, S. Ohio State University, Columbus, Ohio 
Bow BNE Wirttam J—Farmer, Netherhill CuaupHary, | A.—Sales engr, Buckwell & 
Sask, Canada Ltd, Lahore, Pakistan 
Joun ener product dev 
lept, Deere & Mol Broome, Cartes L.—Owner, Tractor & Lig Ciark, Donatp —Trainee, Massey-Harris 
uid Fert. Co, Prentiss, Miss Co.,, Ltd, Toronto, Ont. Canada 
Arpan Hantan Wo—Agr engr, Tr County Brown, Ropert C —Age engr, Soil Conser Dearporrr, Army. (Mail) 
Flee Co-op, Carrington, ND vation Service, USDA, Greenville, Tex 523 Kansas Ave, Holton, Kans 
ANDER’S, Ropert Je —Agr eng asst to Carison, Fivin L.—Proyect ofhcer, U.S. Air Denmark, Richarp S—Asst mgr. and engr., 
branch mer, John Remer & Co, Syracuse Force. (Mail) 525 8S. Cedar, Apt. B, Al Equipment Sales & Service, Ft. Pierce, Fla 
N.Y buquerque, M Dennever, Daniet R—2nd U.S. Army, 


TAS PO 1488, Ft. Bliss, Tex 
Dickens, James W.—Res. instr, Border Belt 
Tobacco Res. Farm, Whiteville, N.C. 


Dimick, Niet A—Asst. agr. engr, South 
Dakota State College, Brookings, §. D 


DRaGon, Watter J.—Asst. branch megr., Straz 


zullz Bros. Co, Buffalo, N. Y. 


James H—US Air Force 


POWER Ba yi (Mail) RR 4, Lebanon, Ind 


Eprn, Carroit L—Engr., Buchanan County 


TO FIT THE Ei/, Rural Elec. Co-op., Independence, lowa 
Fu Wi Foo.eton, Ceci H, Jr.—Graduate fellow in 


agr. eng, Michigan State College, Eas 


Me Lansing, Mich 

FIseENWINTER, CHARLES F.—Tool maker, Ca 
= meron Iron Works, Houston, Tex 

= Fenton, RicHarp S—Trainee, The Oliver 


Corp, Plant No. 1, South Bend, Ind 


FINEFMAN, ABRAHAM—L'S Air Force. (Mail) 
North Branch, N. J 
FiscHBACH, Paut E—Agr. dev. agent, The 
Central Nebraska Public Power & Irrigation 
Dist., Holdrege, Nebr 
FieminG, T., Jr—lIrrigation engr, 
Cullander Machinery Co., Belzoni, Miss 
Former, Ropert A—U-S. Air Force. (Mail) 
Belvue, Kans 
Garper, H. JonN—Hydraulic engr, US 
Bureau of Reclamation, USDI, Chico, Calif 
Groroe, Haroip W.—Mason City, Nebr 
Ropert E. M—Land inspector, dept 
of lands and forests, Land Utilization Res. & 
Survey, Victoria, B. C., Canada 


WISCONSIN-POWERED 


Mulch-Vac Sweeper 


Picking up leaves and mulching them is the task 
of this Wisconsin-powered Mulch-Vac Sweeper, 
manufactured by Atwater-Strong Company, 
Atwater, Ohio. It covers as much as six acres of 
lawn per doy and also can bag leaves along 
with debris such as newspapers, paper cups, 
boxes and cigarette butts 


Goss, JouN R—Graduate student, University 
of Calitornia, Davis, Calif 


Gray, Wayne T—U-S. Army. (Mail) 16181 
Lindsay, Detroit 35, Mich 


This is another typical Wisconsin Engine applica- Grirertn, ©. LyNpoN—Farmer, Box 428 EIk 


tion, from the standpoint of ideal power to fit This Model AK hart, Kans 


4-cycle Sing! 
both the machine and the job. The lawn sweeper rte Poca Gaose, Lawaence L.—Sales engr., welder div., 
illustrates once again the widespread variety of gine (3-6 H. P Lincoln Elec. Co. ef Canada, Leaside, Ont., 
supplies depend Canada 


work handled by Wisconsin Air-Cooled Engines 
in powering the majority of equipment in the 3 
to 30 hp. range. Such features as tapered roller 
bearings at both ends of the shaft, taking up all 


able power for the 


GROUWINKEL, FRANKiIN—Hydraulics ener. 


Douglas Aircratt. (Mail) c/c Steve Brooks, 
RR 3, Ames, lowa 

Gupta, 8. B—Mechanical engr., Central Trac 
tor Org, Govt. of India, New Pusa, New 
Delhi, India 

Hamm, G., JR —Trainee, International 


thrusts, in-built dependability throughout; fool- 
proof AIR-COOLING and an easily-serviced 
OUTSIDE magneto with impulse coupling for any- 


weather starts provide the power you can —— Harvester Co., Jacksonville, Fla 
recommend confidently . . . power your cus- 7 to 13 hp. HANSEN, FRepeRICK P—Parts man, F. S. Bid 
tomers endorse well Co., Windsor Locks, Conn 
Write for detailed information for your power 
sulon, a 

files, covering all models . 4-cycle single- V-type 

4 cylinder Haupt, Cortianp O. —Belmond, lowa 
cylinder, 2-cylinder and V-type 4-cylinder models. 

20 Hazir, Richarp —Foreman, Pierson Or 


chards, Ionia, Mich 
etrHwarre, Perer—Graduate res. asst., 


m WISCONSIN MOTOR R CORPORATION Michigan State College, East Lansing, Mich 


Hosas, ErNest H—Agr. engr., Dominion 
Vorld’s largest Bui Exp. Sta, Lethbridge, Alta, Canada 


uty Air-Cooled 


Continued on page 100 
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days time, the motor this water 
pump gives Havoline Motor Oil real 
workout. But Mr. Bill Dooley (right), 
near Lubbock, Texas, finds Havoline 
stands up. Havoline is ideal for gas or 
Diesel engines because exceeds Heavy 
Duty requirements. Texaco Man Lloyd 
Tucker is visitor on left. Mr. Dooley's 
system makes possible bale 
cotton per acre. 


GIVISION OFFICES Acianra 1, Ga 
Indianapolis 1. Ind 


Boston 17, Mass.; 
Los Angeles 15, Calif.; Minneapolis 3, Minn 


Buffalo 3, N. Y.; Butte, Mont.; 


Texaco Petroleum Products are Manufactured and Distributed in Canada by McColl-Frontenac Oil Company Limited. 


With Multiple 
Vetch Planter 


Mr. Joe Lewis (left), who farms 
360 acres near Sikeston, Missouri, 
shows Texaco Man W. B. Cunningham 
multiple vetch planter he put together 
for about $6.00, not counting the cost ot 
the individual planters. 


Mr. Joe Lewis, near Sikeston, 


Missouri, hit the happy idea 
saving time, labor and fuel 
mounting three individual vetch 
planters crossbar behind his 
tractor, With his multiple 
Rita Jean Lewis, 

eight-year-old 
Lewis, puts her horse 
“Bill” through the paces 


for Texaco Man W. B. 
Cunningham. 


Mr. Lewis can sow acres day. 

Mr. 
that pays farm with 
Products. 


Lewis has also discovered 


Friendly visitors when service 
needed: that’s what Texaco Men are 
the country over. Texaco Man Gordon 
Ebbert (right), Colfax, Washington, 
has friendly word with Dick Haxton, 
prominent farmer, fills the tank 
with Fire-Chief, the gasoline with supe- 


Mr. George Tinkham (left), near 
Cape Charles, Va., irrigates his truck 
farm, using easily movable aluminum pipes 
to carry the water. Like Mr. Dooley he uses 
Texaco Products. likes Marfak 
cant because sticks bearings better 
and longer, doesn't melt down and drip 
off, dry wash off. seals out grit 
and dirt from open bearings. Texaco Man 
Vernon Martin is shown on right. 


Opera broadcasts every Saturday 
for time and station. 


Metropolitan 
afternoon. See newspaper 


Chicago 4, Ill; Dallas 2, Tex.; Denver 1, Colo 
New Orleans 6, La.;: New York 17, N. Y.; Norfolk 1, Va 


Houston 1, Tex 
Seartle 11, Wash 
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Con PQ, Canad 
Katt, Grraip Le, US At Force 
H ‘ Ma Shawnee, Hiawatha, Kan 
! South Bend, I 
Hore ‘ Ke Donatp R ate stuce Kansa 
M H Kinny, F—Sales and serv, Golightly 
Ma Motor Sales, Wo Monkton, Ont, Canada 
MM AFB. S Ma tion Service, USDA, Humb« lowa 
Exvin J —Production and desir 
ener, Fret & Hecht, Davenport, lowa 
i He Jack O —Resident ener. Marbry 
M livpekr, Donato —Serv & at super 
Lab r, Be t Wk Case Bet 
Nf rt, lowa 


i 


Vibration 


CAN’T REDUCE THE ACCURACY 


Specially designed for heavy-duty service, Rochester 
Tractor Gauges are built with vibration and pulsation 

danger accuracy loss through rough riding. Even 
high overloads can’t damage their sensitive movements, 
their pointers They keep delivering accurate read- 
ings, too, year after year, because their unusually rugged 
construction, 

And for extra protection, Rochester gauges are permanently 
sealed behind heavy glass crystals. Dirt and water just can’t get in. 
This outstanding dependability has made Rochester Gauges the 
choice all leading tractor manufacturers for more than years. 


Mas Ric HAR H Ik —S Virg 4 
I echr Institute, Blacksburg, Va 

McCiu ne Forrest defy 
P a Catv, Ponca City, Okla 

Mcls Hresert US. Arm 
Ma Rembert, ¢ 

Mir JacKSON —Trainee, The Massey 
Harris Co, Racine, Wis 

Michi Russi —Trainee, J. 1. Case 
Rockford, I 

Mixs, HaktaN P—Branch mer, Starline 
Inc, Alba N. ¥ 

Carvin K —Re asst, Ohwo Agr 
al Exp. Sta, We er, Oh 

Myers, 1. —Project ener, John Deere 
Ottumwa Wks, Ottumwa, lowa 

Newt fowarp J—Lt US. Aw Force 
(Mail) 6040 Whittier Rd, Detroit 24 
Mi 

Ronatp — Design engr., chore 
master Lodge & Shipley Cincin 

Nopsie, CHakies M—US. Army. (Mail) RR 
1, Manteno, Hl 

PATTERSON, JoHN A—Exp. ofhcer, British 
Society tor Reso in Agr. Eng, Scottish ma 
chinery testing sta, Howden, Muid-Calder, 
Midlothian, Scotland 

Pautson, VeRNON N—In charge of tarm 
implement sales, Russell, Burdsall & Ward 
Bolt and Nut Co, Chicago, Hl 

Propies, FP —Hydraulic ener, Bureau 


of Reclamation, USDI, Chico, Calif 


Pon pak as, Kat so—Grout inspector, B.C In 
ter nal Eng Ce Nechako, B. € Ca 
PorNtcky, Harorp S—Exp. ener, The Oliver 
Corp.,, Charles City, lowa 

Powrtt, Ro W.—Regional mer, The Fatnir 
Bearing Co., New Britain, Conn 

Rivek, Date A—Desien engr, The Oliver 
Corp, Charles City, lowa 

Rivera, Pati A—Agr ener, Soil Conserva 
tron Service, USDA, Santa Fe, N. M 

Rosseno, Thomas T—Asst. desien ener... Rock 
tord Wks. Case Co, Rockford, 

SCHEUCHZER, EUGENE E.— Servicing engr 


Liberty Mutual Insurance Springtie!d, 
Mass 

SCHRANK, Gi Bert —Agr ener, Soil Ce 
servation Service, USDA, Eden, Tex 

Suaw, —Trainee, Western Cotton Oil 
Co, Divo ot Anderson-Clavton, Inc Abi 
lene, Tex 

JoHN F—Jr. ener, John Deere Wa 
terloo Tractor Wks. Waterloo, lowa 

JoHN W —Asst. to ager. ener, North 


east Agr Eng Service, Hampden, Mass 
W —i001 F, Lincoln, Nebr 


STRATTON Hut 


STONE, 


Cuaries L.—Parts sales rep, 


Motor Sales, Inc, Cortland, Y 
THomas, KENNETH R.—Jr. ener, product dev 
dept Deere & Co, Moline, Il 
Tosiassen, ArRtTHUR ener, Dearborn 
Motors Corp, Birmingham, Mich 
Worik, Witttam ener, Spramotor, 
Ltd, London, Ont., Canada 
Wiss, Brady 
Cor 
Mt ALT 
Tr r ¢ Apple 
Atrrip ¢ 
er Br ( ( 
tural 
ANSPER OF ME MBERSH 
Boyp, Asst. pr gr. eng, Corne 
versity, Ithaca, No Y Ass Men 
ber Member 
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4 t., Rochester 10, N. Y. 


TERRACE 


40.26 drowbar hp 72 drawbor hp... 

11,250 Ib 18.800 |b 


POWER 


109 draowbor hp 


@ Allis-Chaimers HD-15 ‘dozing out an 1,800-yd 
completion, pond will hold water to a depth of 10 feet 


contour furrow will hold raindrop, 
terrace will check rivulet, and farm pond 
will stop gulley. Down stream, large dams 
complete the job. 

All along the line, effective water control 
depends moving the 
surface. Whatever the size the job, 
there new Allis-Chalmers crawler tractor 
handle it. 

Every tractor the A-C line designed 
completely new from the ground up. Each 
sets new standards its class for perform- 
ance, strength, ease operation and servic- 


. MILWAUKEE 1 


us A 


Building terraces, clearing land, any soil conservation work is 
quickly handied by the new Allis-Chaimers tractors. Here the 
Mode! HD-9 clears land in Missouri 
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FARM 


Line Water Control Jobs 


OAM 


Hydraulic Torque Converter Drive, 
175 net engine hp., 41.000 Ib 


27,850 ib 


form pond in Caldwell County, Missouri. On 


ing. Wide choice bulldozers plus full, 
modern line other Allied equipment 
match every Allis-Chalmers tractor the 
job hand. 


Write for free catalogs describing the 
newest, finest tractor line earth, get 
the full story from any Allis-Chalmers in- 
dustrial tractor dealer. 


: 
= — 
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NEWS FROM ADVERTISERS 
New Products and Literature Announced by 
AGRICULTURAL ENGINEERING Advertisers 


raph How do xo about measuring the 

thness or roughness of a highly pe 1 stecl sphere or cylinder ? 

How can 4 tell whether a machined steel circle 1s a perfect circle or 

not’ Some time axo The Timken Roller Bearing Company developed 

a machine which could determine with extreme accuracy yust how rough 

or wos th a steel surface was. Just recently Timken engineers 
have ad a further refinement to this machine, with wht t sf 


nt 


ph 
ted by the exper:mental engimeer tor The Timken Roller 


ment wa 
Bearing Rough! it works as follows: The surface of the 
BIG RR ot to | red is mounted on a flat, delicately adjusted le 
G, coe which ts fit I i special bearing. A highly refined hinge is 
t above specimen for measurement. At the end of this hinge 1s 
4 » dear { needle and a tiny mirror, The diamond needle traces ever si 
over the the object the complete table upon which 
the specimen is mounted turns. As the needle mdes over the surtace 
iria in that rtace the need! and also the tiny mur 
Drive it! You'll see what mean! ror mounted the same hinge the needle. tiny beam light 


plaved on the mirror and as the mirror moves, the beam of light moves 


You'll thrilled how easily pulls series other the light beam tran 
bottoms almost any soil... the way handles this instrument 
every job your farm from the heaviest the can tell the imtiated how rough how nearly are 
lightest with speed and efficiency. 


onte a photographic film and the variations on the surtace of the object 


measured ate recorded on a cire 


urface variations can be magnified up to 5,000 times their actual size 
e 


lustrations recently issued by the International Nickel Ce 


t. New York 5, N.Y. It cites examples, including compo 
was, oil and service, “Compare price tags, too,” sition and property data on steel, cast to shape, as a reliable engincer 


ing maternal to meet exacting service requirements and the continued 


he'll tell you, “for tractors comparable industry tor increased power, speeds, heavier loads 


over 100 


| 


ind longer service life in machinery and equipment parts that can be 
see your friendly Ferguson Dealer today. most economically and efficiently cast Dat 


tres and applications of cast nickel 


proper 


tional 


nstruc grades 


s. Low temperature properties, abrasion 


} 
1 wel sed. Advantages and 


Ferguson tractor with the one depth 


recommended specihcations and compositions tor typical service 


only Ferguson System. Find out how will meet 
more your needs more the time. Baler. The Racine, Wis., recently 


announced a new automatic twine-tre slicer baler to produce slice 


better world through farm mechanization bale ensity with positive automatic tying and 


is the business of Harry Ferguson, Inc., Detroit 32, Mich. loss, ar tor one-man operation. The new baler has a ¢t 


adjustable by spring tension Vertical teeder assures 


positive movement of windrowed hay to the auger trough without the 


use of raddles or raker bars. Sheet metal under the feeder ts solid 
SS Harry Ferguson, preventing ss of leaves. The teeder | as clearance to handle 
¢ ine t x of ha An auger vevor chamber has balanced 
Capac to deliver a unitorm charge of hay At the baler chamber, the 
> wad packer as adjustable tor short or lone crops to pack ha 
> raw to proper density throughout the bale. Steel plunger traveling or 
> stroke strokes per pr The 
= 
i— with a ide w « ca cha ot i 
= vite 
= ‘ oes t hesitate or have talse stroke re a 
( nued ont 


Massey-Harris automatic, twine-tie slicer baler 


r February 1952 
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ee ae sible to determine if a ground circle s pertect or not With tt s new tt 
x levelopment, both surtace f hes and geometry are checked within a 
i ‘ ; First of all, since we are accustomed to hearing such astronomical ae 
as billions, when we speak of the national det perhaps one 
th of an inch doesn't seem too impressive What that feure 
neans can be dramatized whe tas realized that one millionth of an 
pCa inch ws 4 ) times finer than the thickness of a thin dume A millionth NS 
The name of this phenomenal machine that can measure accurately 
j 
| 
clascihed hv industrial fel 


Beautiful Colors... 
Johns-Manville Smoothgrain Asbestos Siding 


The surface this new siding shingle 
smooth, not grooved, but from any angle you'll 
see richly colored, deep-grained texture 
built right into the shingle with permanent 
ceramic granules. Because the surtace smooth, 
Johns-Manville Smoothgrain Asbestos Siding re- 
sists soiling; and because grooved, they 
are architecturally attractive. Available wide 
variety Permatone colors including Heather 
Green, Autumn Brown, Weathered Gray, Silver 
Gray and White. 


there are exposed nail heads and verti- 
cal joints but you can hardly see them. The 
nail heads are lost the color blended texture 
and because the edges are cut clean and sharp 
each shingle blends harmoniously with those 
adjoining. 


Because the smooth surface and uni- 

form thickness, Smoothgrain Shingles are easier 

cut, have cleaner chipping 

cause spoilage mar appearance. Fireproof, 

rotproof, and weatherproof, Smoothgrain Asbes- 

tos Siding never needs preservative treatment 
Applied right over existing sidewalls, restyles 
the oldest house and makes look “new.” 


JHNS MANVILLE 


' " For a full-color brochure on Smoothgrain, write 
Johns-Manville, Box 290, New York 16, N.Y. In 
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Canada, write 199 Bay Street, Toronto 1, Ontario. 


Johns-Manville 


ced tor tapered threads) There is no wedging action to Cause distor 
in valve bodies, cylinders 
hale vider full pre tus This new Anchor clamp 5 
© rea t irop « enter e k 
an cing tom 1 Tt 
crated direct drive 
ne of td and 
ire A tan located u 
twine tragment Cor 
aler twine 
cw pit flange pe 
threa t 


traght of angle styles tor 
in ID It ¢a 


tion return lines, et 


All that is require 
at ereater clear 


of thread compounds 


proven successful in 


The anchor spilit-flang clamp 


the Farmstead, 
the Home, 


For New Construction, 


Remodeling Repair 


faster, too!) 


Pounp For rounD, Douglas fir ply wood is one of the 
4 very strongest materials known. Government tests 
i prove plywood walls tice as strong and rigid. This 


great bracing strength keeps portable buildings from 


racking when moved over rough ground . . . means 


strong, rigid silos, barns and bins. Large, clean panels 
reduce jounts, seal out drafts... offer no harbor for 

vermin or pests Plywood is kick proof, splitproof 
It shrugs off long vears of rough treatment — vet the 
y bond between plys is actually stronger than the wood 

itself. Ply wood speeds work. Covers large areas quis kly 

Works with ordinary tools. See your lumber dealer 
He has waterproof bond Exterior plywood for all farm 

, service buildings Interior for uses inside the home 

WRITE TODAY for valuable 28-page “Better Farm Build 
. 


ings.” Has sections on plywood farm service buildings 
homes, remodeling. For your copy write Dougias Fir Ply 
wood Association, Tacoma 2, Washington 


Massey-Harets Mounted Corn Prker. The 
Massev-Harris Co., Racine, Wis., has introduced 
a new 2-row mounted corn picker designed for 
its model 40 and 44 tractors. A new addition 
to the Massey-Harris line of farm equipment, 
it as described as a big-capacity, “drive-in 
machine which combines lightweight with 
tugged construction The unit is operated 
through the tractor hydraulic system 

The new mounted picker has most of the 
weight distributed over the rear wheels of the 
tractor, The unit weights 2275 Ib and has easy 
mounting features. Two pins, two litt rods, and 
installation of two springs complete the front 
hookup. To attach the wagon elevator, hopper 


and blower, the operator inserts two pins and 


attaches two rods. Connecting the drive chains, 
tightening elevator chains and attaching blow 
er belt completes the mounting. Power to the 


drive is taken trom the belt pulley shaft 


ma 


and runs through a housing under the tractor 
which also acts as a pivot point for mounting 
the unit. Drive and housing can be left on 
the tractor when the puker unit is removed 

Adjustable, tull-f 
jivider of the mounted picker are designed to 
lift corn rapid] 


ating snouts and center 


outside points are spaced 
bin apart) Gathering chains on the picker are 


friven through shp clutches to prevent dam 


e machine. It has separate, independ 


ent snapping and husking rolls) rubber 


light-type elevator the unit carriers 


tull leneth ot the husking rolls 


Heavy cage steel pressure plate gives consta 


ension on ears tor efhciency in husking 
Massey Harris engineers have incorporated 
the 2-row mounted picker the same basic 

lesign principles previously proven 


propelled corn picker 


The Massey-Harris 2-row mounted corn picker 
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either clamp of pressed type couplings ‘ 
of wir wire ta ror ' 
| 
ror 


TOOLS THAT HELP 


PROMOTE BETTER FARMING 


PROTECT GRASSED WATERWAYS WITH PLOWS 


AND THAT LIFT across 


one thing seed and establish grassed water- 
ways quite another have the field tools that will 


protect these waterways. Massey-Harris has them. 


Shown above, for example, Massey-Harris 
heavy duty Goble mounted that can raised and 
carried across the waterway avoids tearing the 
turf. Similarly, mounted plows for the Massey-Harris 
Tractor can lifted and carried across grassed water- 


ways without even much slowing down the 


EVERY AGRICULTURAL 
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ENGINEER HAS 


tractor. For pull-type discs, plows, heavy-duty field 
cultivators Massey-Harris remote hydraulic control 
can installed straighten and angle the discs while 


“on the well lift the equipment. 


These are just few examples how Massey 
Harris tools help you promote soil conservation. 
shows that must all work together HELP 
OUR SOIL. The Massey-Harris Company, Quality 


Avenue, Racine, Wisconsin. 


A STAKE IN SOTL CONSERVATION 


‘= 
j 


WATER WIZARD 


SPRINKLER IRRIGATION PUMPS 


... dependable 
economical 


Model 6920S 
6 inch suction 
and discharge 


use 


Modern design These pumps embody the latest 
features for modern sprinkler irrigation. Marlow 
Water Wizards are new designed especially for 
new pressure and capacity requirements. 
They will supply water dependably. They are thrifty 
and virtually maintenance-free operation and are 


last for years. 


Complete size range Marlow centrifugal irriga- 
tion pumps offer wide choice models for 
job. Available models, sizes 6-inch, includ- 
ing two models designed especially for and 
sprinklers. Capacities 1900 pressures 
200 PSI. Gasoline and Diesel engine driven; all 
models may equipped for belt drive supplied 
direct coupled electric motors. Skid mounted 


with steel wheels rubber tires. 


Mode! 3125 3 inch 
suction and discharge 


for full 


information. 


RESEARCH NOTES 


ASAE members and friends are invited to supply, for pub 
ication under this heading oret news noles and reports of 
research activities of special agricultural engineering interest 
whether of federal or state agenci or of manufacturing and serv- 
ice organizations. This may inciude announcements of new proj 
ects. concise progress reports giving new and timely data, etc 
Address) Editor, AGRICULTURAL ENGINEERING, St. Joseph, Mich 


USDA Notes Castor Bean Strippers, Two- 
Temperature Refrigerators, Molding Stored 
Grains, and Cotton Ginning 


Harvest Castor Bean Tractor-mounted, two-row, castor 


bean strippers, developed through the cooperative efforts of agricultural 
engineers and agronomists of the US. Department of Agriculture and 
the Oklahoma Agricultural Experiment Station, were used last fall to 
harvest a large part of the 80,000 acres planted to this defense 
important oil crop 

The critical industrial need tor castor oil, to be used in protective 
coatings tor equipment, as a plasticizer in tabrics, in lubricating oils 
and greases, and in hydraulic fluid, prompted the USDA's CCC to enter 
into contract with a machinery manufacturer to build sixty of these 
strippers tor use in Oklahoma and Texas harvest fields 

Engineers and agronomists successtully developed and tested a one 
row stripper last year, but the urgent need tor a machine that could 
handle a bigger share of this year’s harvest, resulted in the rapid 
development of a two row machine which got much of its field testing 
as it harvested the 1951 crop. The sixty strippers were placed at 
strategic locations throughout the Southwest by CCC representatives to 
be used by custom operators in harvesting the castor bean crop 

The two-row stripper employs a beater mechanism that strips the 
castor bean capsules (pods) trom the plants without pulling the plants 
trom the ground. A gathering unit on the harvester moves the castor 
plants gently into reach of the fabric beaters, which shake and strip the 
capsules trom the plant. Parallel augers move the capsules to an eleva 
tor which Carnes them to a training wagon 

Castor beans to be harvested by the stripper can be grown generally 


throughout the southern Oklahoma-Texas area, and it 1s anticipated that 


about 200,000 acres of the beans will be planted in 1952 
Tuo-Temperature Farm Refrigerator, Plans are now available tor a 


two temperature, walk-in retrigerator developed by the USDA. Work 
ing drawings (Plan No. 7102) for the two-temperature walk-in retrig 
erator tor the farm may be obtained through the extension agricultural 
engineer at many of the state agricultural colleges 


Research to develop an ethcient and convement all-purpose farm 
refrigerator was begun tollowing a survey of 160 home-built, walk-in, 
two temperature installations in use on tarms. Although the families 
considered their refrigerators assets, many found them inadequate. In 
xeneral, systems in use were not designed to meet the farmers’ needs 
No established design was tollowed either in construction of the re 
trigerators or im the retrigeration systems. Many were found to be 
improperly constructed or poorly insulated, providing inethcient retrig 
eration. Others were too small, poorly arranged, or inconveniently 
located 


The new retrigerator-treezer has been designed by USDA refrigera 
tion specialists after months of research with expermmental units. The 
refrixerator freezer 1s planned so that it may be constructed by the 
farmer himself, exther inside another building or as a separate structure 
The Department recommends that technical help from a_ retrigerator 
service man be obtained to install the refrigeration equipment 


. . 


Surtace Molding of Stoved Grains Prevented. Surface molding of 
dry, stored grain can be prevented by drawing cooling air through it 
during the tall and winter, according to research findings of USDA 
agricultural engineers and midwest state agricultural experiment stations 

Storing grain or shelled corn at a safe moisture content 1s no guar 
antee against surface spoilage Although the average moisture content 


ot the stored grain may not change, cool weather often causes the 


morture of the grain to move trom the relatively warm grain in the 
center ot the storage to the colder grain at the surface. As the surtace 
grain becomes cooled by outside temperatures in the tall and winter, 
the temperature difference throughout the grain results in air currents, 
which move from the warmer central mass of grain to the surtace, 
carrying moisture with them. As this moisture-laden air reaches the 
colder surtace, some of the moisture condenses, increasing the surface 


grain’s moisture content bevond the point of sate storage 


doom page 108 
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Each made meet special need 


Just harvesting equipment designed meet 
specific farming needs, various Armco Steels are 
especially suited different types farm service. 

When farm equipment has fight rust, hold paint 
longer, withstand combination heat and cor- 
rosion, there’s Armco Special-Purpose Steel for each 
particular job. 

One these steels Armco 
has protective that clings tightly the 
base metal during forming drawing plus mill- 
applied Bonderized finish that takes and preserves paint. 


The result unbroken rust protection and longer 


ARMCO STEEL CORPORATION 


MIDDLETOWN, OHIO, WITH PLANTS AND SALES OFFICES FROM COAST TO COAST 
THE ARMCO INTERNATIONAL CORPORATION, WORLD-WIDE 


paint life. the farmer, this means saving main- 

tenance costs for combines, corn pickers, grain drills 

and other equipment. 


Other Armco Special-Purpose Steels include 
aluminum-coated steel that resists heat damage crop 
dryers, brooders and stoves whole 
family solid, rustless Armco Stainless Steels for hand 
sprayers, hog waterers and dairy equipment. 

Many farmers look for the Armco trademark the 
farm implements and equipment they buy. From ex- 
perience, they know stands for steels that give longer 
service lower cost because made for the job. 


MORE SCRAP FOR MORE STEEL More stee! scrap is needed for top stee! production. 
The new furnaces the stee! industry is building cannot be operated at capacity with the 
present scrap supply. To help the nation — and yourself — sel! your steel scrap now! 
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interchangeable 
orifice 
tips... 


feature 


SPRAYING SYSTEMS 


& orifice tips, users of TeeJet Spray Noz- 
wer from one f spraying to another 
e tip and you've changed the nuzz Choice 
tip sizes for an ype of sprayi Only 
Nozzles provide all of these a : 


spray and jon riflee sien 
tips for the design that ia 
ive, precision 
As spect 
ala with spray noz 


all ¢ performance 
strainers 


ate! 


of every 
shipment 


tip adjustment on all 
spray tips. Milled flat 
tip surfaces are paral 
Diteatior ane of the flat spray 
Teelet Spray Nozzles are made for use with all types of 
spraying equipment, Write for Bulletin 58 


SPRAYING SYSTEMS CO. 


3226 RANDOLPH STREET 
BELLWOOD ILLINOIS 


PIONEER 
DEPENDABLE SPRINKLER 
IRRIGATION 


Through years, under all kinds con- 
ditions throughout the world, Rain Bird 
Sprinklers have proved their dependability 
faultless, low-cost performance. 


There's Rain Bird Sprinkler 
fit every irrigation problem 
all, ranging size 
pressure 610 G.P.M. 
120 pounds pressure. 


yours special irrigation 
problem, our research 
department now. 


National RAIN BIRD Sales Engineering Corp. 


AZUSA, CALIFORNIA 


RESEARCH NOTES 
Continued from page 106 


Experiments in the midwest have proved that low-velocity, cool aur 
forced through the grain controls moisture migration Cooling should 
start early in the tall when temperatures get down near 40 dex, or when 
outside air is at least 10 deg cooler than that of the grain at the storage 

nter karly fall cooling 1s especially important it the moisture content 

t shahtly above the sate storage level Cooling can be 

stopped in the winter as soon as all of the grain is cooled at a near 
freezing temperature 


Cotton Ginning Research. Development of equipment tor cleaning 
cotton ahead of ginning, and of the lint flue cleaner at gins, are recent 
USDA research achievements that are helping to meet the problem of 
handling trashier cottons in the South. Such cottons have been prevalent 
with advent of the mechanical harvesters and strippers that now are 
being used by thousands of growers 

Charles M. Merkel, engineer in charge of investigations at the U.S 
Cotton Ginning Laboratory, Stonevillee, Miss, reports that by using 
more ethcient cleaners, ginners can now produce higher average grades 
of fiber from machine picked cotton than they can obtain trom delayed 
or poor hand-harvested cotton Currently engineers and cotton tech 
nologists of the Department and in private industry are seeking answers 
to such problems as grass and stick removal, trash disposal, and con 
trolled drying during ginning 

The extra drying equipment installed in gins to handle the higher 
moisture content machine-picked cotton has made it possible in some 
instances for ginners to overdry cotton, resulting in reduced fiber 
quality. The problem contronting the ginner is that of making quick 
adjustments in his drying equipment when handling hand-picked cotton 
containing little excess moisture as well as machine-picked cotton with 
a high moisture content. Automatic controls are being sought so that 
the best moisture content can be obtained for each operation and each 
hale of cotton. Development of such a controlled conditioning process 
is being investigated at the USDA laboratory 


North Carolina Notes Curing Bright 
Leaf Tobacco 


g ine curing operation has a direct effect on saleable leaf value and 
fluences methods and procedures tor all the other phases of 
bright-leaf tobacco production. For this reason the North Carolina 
Agricultural Experiment Station, in cooperation with the U. S. De 
partment of Agriculture and the N.C. Department ot Agriculture, 1s 
lirecting considerable effort to the study ot the curing process. In 
addition to investigations of the conventional curing methods, studies 
undamentals are being initiated to formulate basic principles on 
h to develop, if possible, a more practical curing method 


Results to date indicate that bright-leaf tobacco will yellow at an 
applicable rate when surtably piled together to allow a temperature 
rise resulting from the associated heats of chemical reactions. The 
desirable yellow color developed in this manner can be fixed if the 
leaves are dried out at a comparatively rapid rate. However, FJ 
Hassler, experiment station agricultural engineer, reports that the 
rate of color change trom desirable yellow to undesirable reddish 
brown increases with leat temperature and at 134 F (approximately) 
this undesirable color change ts somewhat spontaneous, which limits 
the drying rate’ He found that shredding the yellowed leat effected 
a 5S to & F decrease in the leaf temperature as compared to the normal 
leaf and the more free release of water by the plant allowed rapid 
drying of the shredded leaf with the resultant fixation of the desir 
able yellow color. Other quality characteristics of the cured leaf are 
being determined 


Further study revealed that color change can be arrested by sub 
jecting the leat to a “temperature shock,” taking advantage of the 
physiological factor referred to as thermal killing of the plant. tissue 
Bringing a hot plate at $50 F (approximately) in sharp contact with 
the leat, which raised its temperature from 80 to 220 F in 3 sec, 
proves adequate for arresting color change and induces in the leaf the 
desirable property ot more tree release of its water. Exposing the leat 
to infrared radiation of an intensity of 13 w per sq in (approximately), 
which raised its temperature from 80 to 230 F in 30 sec, produces 
similar results. Such temperature shocking causes more rapid drying in 
the normal atmosphere or permits so-called “flash drying” by the 
addition of supplemental heat "hese findings, conceivably, have a 
potential application in future attempts for mechanization provided 
the other quality characteristics ot the leaf are maintained 

The water relations of the tobacco leat are being studied by 
correlating leaf temperature with drying rates and equilibrium vapor 
pressure at different states of cure Research is being planned for 
the study ot specic heat and heats of chemical reaction of the 
leaf, and latent heat of evaporation of water from the tobacco 
leaf. The object of these studies 1s to determine values required tor 
the formulation of thermodynamic relationships on which to establish 


¢ water-enerey relations of the tobacco leat as it cures 
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DUCTILE IRON 


provides 


IMPROVED FARM 
IMPLEMENT PARTS 


with 
Superior Resistance 
Abrasion and Breakage 


DUCTILE IRON cast ferrous product that combines 
the process advantages cast iron with many the 
product advantages cast steel. 


less than two years, ductile iron has attained wide 
acceptance because offers excellent castability, high 
mechanical properties and good machinability. Parts 
cast ductile iron show superior strength, high modulus 
and resistance shock. 


AGRICULTURAL APPLICATIONS INCLUDE: Tail wheel 
mounting bracket, hay baler knotter drive (lower 
gears), hay baler ring gears, gear carriers, worm and 
wheel, rear axle housing, plow spring release hitch. 


ADDITIONAL AGRICULTURAL APPLICATIONS EITHER 
PRESENT TIME: Tractor clutch plates, tractor transmis- 
sion housing, front axle supports, implement sprockets, 
chilled plow shares, mower guards, tractor pulleys. 


AVAILABILITY— Send details your prospective uses, 
that may suggest source supply from some 
100 authorized foundries now producing ductile iron 
under patent licenses. Request list 

available publications ductile 
iron...mail the coupon now. 
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Plowshares ductile iron, with edges chilled 
for hardness, have proved not only tougher than 
cast iron, but better than steel wearing qualities. 
When tested fields containing more rocks than 
soil, plows fitted with ductile iron shares were 
thrown right out the ground when they struck 
the shares came through without break- 
ing bending. 


Otaco Limited, Orillia, Ontario, Canada, mar- 
ket the ductile iron components illustrated under 
the registered trade name “Ductalloy.” 


This tractor spring release hitch, with high yield 
strength, only one many farm equipment com- 
ponents improved when cast ductile iron. 


The ductile iron bevel gears used hay balers 
shown here were produced provide high wear 
resistance and toughness. 


The International Nickel Company, Inc 

Dept. A.E., 67 Wall Street, New York 5, N. Y 

Please send me a list of publications on DUCTILE IRON 
Name Title 

Company 

Address 


City State 


10* 
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EELS Controls for Poultry Laying Battery 


(Continued from page 90 


relay rather than the feed-elevator motor, the bucket-tripping 
for mechanism and the conveyor belt clutch as above. The trans- 
fer switch has already provided for this stepping its contact 
AGRICU LI URE arm ahead to the next contact point. This second contact point 
connected the operating coil the locking-release relay 
and 93 so that at 5:10, when another signal-circuit impulse ts sent 
- out by the program timer, the relay contacts will be opened 
STRY and the delivery operation for the first feeding level stopped 
The next impulse from the program timer must set motion 
the feed-delivery process for the second feeding level. Con 
sequently, the transfer switch automatically shifts its contact 
arm ahead to the third contact point so that the 5:15 impulse 
from the timer can etfect the second-lever feed delivery. In 
this manner, the transfer switch acts to operate the ditferent 
mechanisms in a definite time sequence throughout the day 


MECHANISM APPLICATIONS 


Although the mechanical and electrical devices described 
this report were developed parts laying 
battery, hoped that they may find applications other 
plans poultry and animal care. believed that the 
“Autopos” clutch can be effectively used in many feeding and 
matertals-handling applications where slow-moving conveyor 
belts are used single multiple levels. The feeding and 
watering systems are applicable other battery units 
where livestock cared for more than one level. 
The egg-collection and droppings-removal 
easily divorced from battery scheme and can used 
save steps and labor other locations. The Zenith program 
timer and the Autdelay transfer switch, when used together, 


Including 


KELSEY-HAYES WHEEL COMPANY 
DAVENPORT IOWA 


arranged shifted the occasion demands 


FCONOMIC CONSIDERATIONS 


The question has been asked many sincere and inter- 
ested individuals the mechanisms described this report 
are economically practical their cost would prohibit their 
use. course, very difficult determine, the re- 
search stage, new development will commercially ac- 
ceptable can efficiently mass produced sufficient 
quantities lower the price reasonable level. However, 
when possible accomplish electrical means tasks that 
have normally been done manually, there tremendous 
Graduate Engineers, Mechanical Agri- economic leverage exerted favor electric power. With 
electrical energy per kw-hr and human labor per 
hr, costs approximately 270 times much the same 
that are interested the design and devel- amount physical work manually does electrically 

equipment costs can thus rapidy liquidated 


Farm Machinery Designers 


cultural, with farm machinery background, 


Harvestin uipment. 
1 An Automatic Clutch for the Remote Control of Multiple, Slow 
Speed Convevor Belts, by Stanley J. Otis, Norman J. Wedekirsd and 
Robert No Sch ann, United Industries, Madison, Wis, 1949 
Department for all grades including recent 


> Automatic Feeding and Watering for a Laving Battery, by Stan 


graduates those with years experi- ley and Robert Schumann, United Industries, Madison, 


Openings expanding Engineering 


ence. Opportunity for advancement for % Automatic Fee Collection and Weimhing for a Laving Battery, by 

those who wish join progressive organ- Ons and Robert United Industries, Madison, 
is 


ization. 1 Transfer of Sequence Control Circuits 


Schumann, United Industries, Madi 


opens son, Wis, 1950 
Ideal Engineering facilities, located 
small city the Midwest. 
NEW BULLETINS 
Garton and Mo Morgan) Oklahoma Agricultural Experiment Station 
kground. 
d bac d Sullwater) Bulletin No. B-375 (October 51). Brief report on wear 
tests of gear and roller pumps, pumping a mixture of water with 
Address box number NI-52, Agricul- common diluent powder insecticides and herbicides 
Desten Studies for a Cl Z-Jet Water Tunnel, by John F. Ripken 
report bringing toxether results and reports on studies over a period of 
vears dealing with test sections, contraction, diffusers, vaned elbows, 
110 AGRICULTURAL ENGINEERING for 1952 
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“Ten years ago 


America’s Business 


\\ 


publications 


SNYDER 


the Treasury 


“Ten years ago America’s business publications, voluntary public service, 
presented for the first time advertisements outlining the Payroll Savings 
Plan for the regular purchase Savings Bonds, and urged its accept- 
ance. During the decade which has passed, American business has consist- 
ently supported the Payroll Savings Plan and made success. Continuation 
this cooperation with the Treasury most essential the present emer- 
gency. Expanded sales Defense Bonds will assist importantly checking 


inflation, preserving economic stability, and furthering the over-all 
defense effort.” 


ten brief years: 


From 1941 employee participation went the January-September, 1951, period, 33,418,000 

the peak the war. $25 Bonds were purchased—a gain over 
the same period 1950. $50 Bonds 
were sold the first nine months 1951. $25 and 
$50 denominations are the bonds bought Payroll 


with Payroll Savings Plans jumped from 
10,000 1941 more than 175,000 during the war. 


Since January 1951, the number men and 
women Payroll Savings has grown from 5,000,000 


Congratulations the executives industry and 
to 6.200.000. 


the publishers business papers for their continu- 


September 30, 1951, individuals held Series ing effort promoting systematic savings through 
Bonds totaling $34.6 Billion—more than $4.6 Bil- the Payroll Savings Plan—the plan that 


lion greater than V-J Day. America and Americans. 


The Government does not pay for this advertising. The Treasury De- 
partment thanks, for their patriotic donation, the Advertising Council and 
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Personnel Service Bulletin 


house (not a placement bureau) for putting ag tural engineers seek 


2 ing employment or change of employment in to with possible empl 
Vitia 4 era of their services, and vice versa. The service is rendered without 
SRUVA charge, and information on how to use it will be furnished by the Society 


The Society does not investigate or guarantee the representations made 
by parties listed. This bulletin contains the active listing of ** Positions 
Oper and ‘Positions W ed on file at the Society's office, and infor 


WHEELS ARE RIGHT mation om each in the fc m of separate mimeographed sheets, may be 


had on request Agricultu Engineer’ as used in these listings, is not 


intended to imply any spec level of proficiency, or registration, or 
license as professional engineer 
Over years wheel manufacturing 
Nott this et the f wing listings rrent and 
have given us the ‘know how" — 
prev reporte ire not repeated in de il, for further intormats 
modern production methods assure see the e of AGRICULTURAL ENGINEERING indicated 
long life and efficient wheel PosrrioNns Open $1—AUGUST—O. 420-533 SEPTEMBER— 
performance in the field. O44 OC TOKE R—O 401 DEC EMBER—O 


equipment. Axles are available OC TOBER—W 384-76, 491-78) NOVEMBER—W 410-8 DECEM 
where required. BER—W489-81, 464-8 161-83. 454-84. 467-8 470-88 
1 > JANL 488-9] 
Our experienced engineers are NEW POSITIONS OPEN 
ready assist you solving your ASSISTANT ENGINEER design, and estimate 
panding line of prefabricated farm buildin and to dev check lists 


wheel and axle problems and and assembly 


eets, with manufacturer in “braska Bs 


. deg in agricultural engineering or juivalent Farm, construction, or 
we will offer our recommendations upon arch tural experience desirable be gor draftsman Good o 


rercial development engineering 
opportunity im growing organiz 1 


Age 2! Salary open 0-56 
COPYWRITERS (four openings) for writing, development, and direc 

WRITE FOR CATALOG tion of product information on agricultural equipment with agency for a 
major full-line manufacturer. Location, Chicago. BS deg in agricultura 

engineering or agricultural journalism Farm publication, writing. or 


ELECTRIC WHEEL co retail merchandising experience Able to write and to contact client for 
nformatior Age 24-35. Salary $5,000-$10,000 O-502 7 


2811 CHERRY, QUINCY, ILL. WANTED 


DESIGN. development, or research in power and mact tield th 
manufacturer anywhere in northern U.S.A deg in agricultural engi 
neering expected in June. lt versity of Vermont New England dairy 
farm background Two ¢ ‘ce summer vacations as farmhand, one as 


draftsmar Part time work in college as maintenan man and as 
sistant mechanic Married Age 22 No disability Available June 2¢ 
DESIGN, development. or research in power and machinery field with 
manufacturer, processor or farming operation, anywhere in U.S.A BS 
deg in agricultural engineering expected in June, University of Vermont 
Far aborer 3 to 6mo per year, 1945 and 1948 Cre ader, US 
Forest Service smo 1946 One year as full time t lan on elec 
tronic equipment, General Electric Co., Burlington, Vt... coneurrent with 
college work War enlisted service in Army 1 yr. chief clerk in rail 
transportation Married Age 23 No disability Available June ao 
Salary open W-529-96 
E N Gl N E E RR DESIGN. development. research, or writing in public service or pri 
vate industry, prefe outside of US A. BS deg agricultural engi 
neering expected in June, University of Idaho Summer experience on 


nd foreman of hay and harvest 
ance of university experimenta 


rator, cat skinner 
t and mainter 


farms as combine 
crew One summer on la 


Contact Engineer required carry Sales- 


I x 2 No disability Available June 16. Salary 
W 504-92 

Development Liaison between our company and DESIGN, development, research, teaching power and 
machiner rural electric or soil and i t r putlic 
ervice. preferably in Fast or Midwest BS deg 
Tractor and Farm Machinery Manufacturers with engineering, February, 1950, University Maine. Part 
time graduate work in “ollege Background on 
disabtit Available in J Salary $3800. W-487-93 
cultural uses. Position will require traveling EXTENSION, riting power and 
machinery field, with ir vwhere in U.S.A. or 
“anac ire. major ir tural engineering, 1950 


‘ wa St i 3 vr superintendent for diesel logging 
gineering required with experience manu- operation Product education and service manager 
tlor with distributor of agricultural and industrial machines in Saskat 
. chewar Married Age 25 No disability Available on reasonable 

facture and development farm machinery 


preferred. Minimum age years. Salary 


ence and salary desired. FRANK ZINK ASSOCIATES 


Agricultural Engineers 
Frank J. Zink Earl D. Anderson 
DAVID THOMAS 
Sales & Office Personne! 
THE GOODYEAR TIRE & RUBBER CO 
1144 East Market Street 


Development - Design - Research - Markets - Public Relations 


Boarp or Trane CHricaco 4, Tel. HArrison 77-0722 


RATES: Announeements under the heading ‘Professional Directory in 

AGRICULTURAL F.INGINEERIN “ be inserted at the flat rate of $1.00 
“) cents per line to ASAE members Minimum 
lust be received 


Akron Ohic 


per line per iss 


charee 


by first 


m style setup. Copy r 
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EVERY NEW FARM TRACTOR HAS TIMKEN BEARINGS; MORE AND MORE IMPLEMENTS ARE USING THEM, TOO! 


this John Deere No. Self-Propelled Combine drive, 
imput shaft and differential bearings are directly mounted 
and adjusted with thin metal shims. Pinion shaft bearings 
are mounted indirectly and adjusted cone spacers. 


the No. 55, Timken bearings the bull pinion are 
directly mounted and adjusted shims. axle shaft 
uses two single row Timken bearings directly mounted 
and shim-adjusted. 


How TIMKEN bearings lick combined 
loads John Deere combine 


NOT JUST BALL 


The assurance 


better TIMKEN 


THE TIMKEN TAPERED ROLLER 


the use spiral bevel and 

helical gears, the transmission 
and auxiliary drive mechanisms 
the John Deere Com- 
bine present tough bearing loading 
problems. These loads range trom 
heavy radial and moderate thrust 
loads heavy thrust loads and mod- 
erate radial loads. These exacting 
conditions were met the use 
Timken’ tapered roller bearings. 
Diagrams above show the bearing 
applications. 


using Timken bearings, imple- 
ment engineers solve three their 
biggest design problems once: 
(1) dirt, (2) combination loads, and 
(3) rough terrain. Implement users 


BEARING TAKES RADIAL 


Roller 


BEARING 
EQUIPPED 


AND THRUST 


are assured longer implement 
less chance breakdown the field 
and higher speeds with less frequent 
lubrication. 


Timken bearings hold shafts and 
housings concentric that closures 
are more effective. And with Timken 
moving parts rotate freely 
because smooth surface finish and 
true rolling motion the bearing 
make triction negligible. 


Timken 
bearings, write now for your free 
copy “Tapered Roller Bearing 
Practice Current Farm Machinery 
The Timken Roller 
Bearing Company, Canton Ohio. 
Cable address: 


LOADS ANY COMBINATION 
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